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Notice! 
GoldStar Semiconductor reseves the right to make changes to any information here in 


at any time without notice in order to improve design and/or performance. GS assumes 
no responsibility or liability for the use of any of these products and makes no 


representation or warranties that these products are free from patent, copyright, or 
mask work right infrigement. 


Applications that are described here in for any of these products are for illustrative pur- 
poses only. 


M@ Product Status 


DEFINITIONS 


This data sheet contains the design target 
or goal specifications for product develop- 
ment. Specification may change in any 
manner without notice. 


Objective Specification | Formative or In Design 


This data sheet contains preliminary data 
‘and supplementary data will be published at 
a later date. GoldStar reserves the right to 
make changes at any time without notice 
in order to improve design and supply the 
best possible product. 


Preliminary Specification | Preproduction Product 


‘This data sheet contains Final Specifica- 
tions. GoldStar reserves the right to make 

Product Specification Full Production changes at any time without notice in order 

to improve design and supply the best 
possible product. 
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EER a eR TE 


In this age of electronic information and communication systems, semiconduc- 
tors have become an increasingly important component in the lives of people 
everywhere. Aware of the necessity for semiconductors that save time and con- 
serve energy, GoldStar is committed to the development of ever more sophisti- 
cated innovations in this vital industry. 

Modern industry makes use of 
semiconductors with a wide variety of 
functions in very phase of planning, pro- 
duction and distribution. GoldStar, ever 
mindful of its goal to become a leader 
in every one of its fields of endeavor, 
continues to diversify its activities and 
now produces semiconductors in each 
production line in the industry, including 
logic, memory, industrial, consumer and 
custom semiconductors. 

According to the company’s short- 
term strategy for maintaining its steady 
rate of growth, GoldStar focuses its con- 
siderable energies on standard and 
memory semiconductors. 

Having succeeded in the develop- 
ment of such sophisticated products as 
the 256K SRAM, 1M DRAN, high- 
speed CMOS 256K DRAM, 1 chip 
color TV IC, and 2 chip VCR IC, Gola- 
Star is now making progress in its 


research on_ up-to-the-minute tech- 
nologies for the development of the 4M 
DRAM and GaAs compound semicon- 
ductors. a 
This 1989 GoldStar Memory DataBook contains data on currently available Memory 
products and some products which are planned for the immediate future. 
We are continually developing and introducing new products of high quality, high per- 
formance and high reliability and we sincerely hope you will find this catalog for design 


engineers useful. 
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GM76C28 2K X 8 -- Bit Static RAM --------------------------------------- 23 
GM76C88 8K xX 8 -- Bit Static RAM ---------------------------------------- 30 
GM76C88L SK X.'S << Bit Static RAM <cactenceeee eee ee 38 
GM56C88 8K X 8 -- Bit Static RAM ---------------------------------------- 47 
GM56C164 1GK XA = Bit Stacie RANA wea accidents 54 
GM76C256 SIC 58 = Bir Static HAN eee 61 
eDRAM 

GM71256 256K X 1 -- Bit Dynamic RAM ----------------------------------- 69 
GM71C256 256K X 1 -- Bit Dynamic RAM ----------------------------------- 81 
GM71C464 64K X 4 - Bit Dynamic RAM ----------------------=------------ 96 
GM71C1000 1M X 1 -- Bit Dynamic RAM ----------------------------------- 111 
GM71C4256 256K X 4 -- Bit Dynamic RAM ----------------------------------- 112 
GM71C4256A 256K X 4 -- Bit Dynamic RAM --------------------------------- 129 
eMULTIPORT VIDEO RAM 

GM53C461. 64K X 4 -- Bit Multi Port Video RAM ------------------------- 147 
e MASK ROM 

GM231000 BI SC Bie ON cease 151 
GM231000 - 30A 120K X 6 = Bit ROM eee ee: wann--- 154 
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PAGE 20 SOU 
ss MODE 20 ZIP 
y 66mA |[2mA_ [FAST 20 DIP 1H/’90 
55 PAGE 20 SOU 
FAST 20 DIP 


4Q/'89 


24 DIP/(600) NOW 


CMOS 


2 


QUICK REFERENCE GUIDE 


MULTI PORT VIDEO ne 


GM231000_- 25 ]250ns__[100mA [20mA | [280 


GM231000 30A 250 ns 100 mA oak — N/ {28 DIP 
- 31 CHINESE 
| - 32/ CHAR. 
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QUICK REFERENCE GUIDE 


STATIC RAM 

Goldstar | HITACHI! | TOSHIBA | NEC | FUJITSU OKI 
GM76C28 HM6116/L uPD446 | MB8416 MSM5128 
GM76C88 | HM6264  ~—s|-_: TC5565 uPD4364 MB8454 MSM5165 
GM76C88L HM6264L fu PD 43 64L MB8464L 

GM56C88 Fs TMM2088 uPD4363C MB81C78A 

GMS56C164 HM6788 Pp CSsuPD4362C_ | ~MB81C74 
GM76C256/L | HM6225600 TC55257A uPD43256 M5M51257 
DRAM 

GoldStar | HITACHI | TOSHIBA FUJITSU OKI 
_ GM71256 | HM50256 —s |: TMM41256 uPD41256 MB81256 MSM41256A 
GM71C256 HM51256 PMB 810256 
HM50464P TMM41464A M5M4464 
GM71C4256_ | HM514256— | 10514256 | uPD424256 =| MB81C4256 |: MSM514256 
GM71C1000 HM511000A MB81C1000 MSM511000 
Mehie14250 


MULTI PORT VIDEO RAM 


GoldStar HITACHI TOSHIBA 


FUJITSU 
MB81461 


AM90C644 


ae 


MASK ROM 


GoldStar | HITACHI | TOSHIBA | NEC | FUJITSU OKI 
ee a eee eee 


MITSUBISHI 
~M5M5117 
| M5M5165 


M5M5178 
M5M5188A 
M5M5256A 


MITSUBISHI 
M5M4256A 


M5M4464A 

M5M44C256 

M5M4C 1000 
M5M44C256 


MITSUBISHI 
M5M4C264 


MITSUBISHI 
M5M23C 100 


(sm [ woroRoU 


QUICK REFERENCE GUIDE 


MOTOROLA | VITELIC | CYPRESS | SEIKO-EPS 
[MCMei16 [| veicig | C7C128 | SRM2016 
| mcMe1e4 | ve2Ceg | 
| MCMeoLe4 | ve2Ceau | CT SRM 2064 
| McMe1e4C | veces | Cv7Crssk | 
pC sC*dECCo2 fT CvrCre4 | 


MCM60256 V62C256 CY7C198 | SRM20256 


MOTOROLA VITELIC MICRO-T Tl 
|McMe2s6 sd vescasg || 
| MCM4146A | saC4ea || CTMS4464 
Pp —“C—sisY 41024 | TMXAC 1024 
ices risescase 


MICRO-T IDT 


MT42C4064 


MITELIC 


TERMINOLOGY 


A. TERMS AND DEFINITIONS 
VOLTAGES 


Vin 


High-level input voltage 

An input voltage level within the more positive (less negative) of the two ranges of values used to represent the 
binary variables. A minimum value is specified which is the least-positive (most-negative) value of high-level input 
voltage for which operation of the logic element within specification limits is guaranteed. 


Vi, Low-level input voltage 
An input voltage level with the less positive (more negative) of the two ranges of values used to represent the 
binary variables. A maximum value is specified which is the most-positive (least-negative value of low-level input 
voltage for which operation of the logic element within specification limits is guaranteed. 
Von High-level output voitage 
The voltage at an output terminal for a specified output current lon with input conditions applied that according 
to the product specification will establish a high level at the output. 
Vo. Low-level output voltage 
The voltage at an output terminal for a specified output current lo. with input conditions applied that according 
to the product specification will establish a low level at the output. 
Vop Vcc: Vpp Supply Voltage 
The voltages supplied to the corrosponding voltage pins that are required for the device to the function. 
CURRENT 
ly High-level input current 
The current flowing into* an input when a specified high-level voltage is applied to that input. 
I, Low-level input current 
The current flowing into* an input when a specified low-level voltage is applied to that input. 
lon High-level output current 
The current flowing* the output with a specified high-level output voltage Voy applied. 
lo, Low-level output current 


The current flowing * the output with a specified low-level output voltage Vo, applied. 


* Current flowing out of a terminal is a negative value. 


lorory Off-state output current 


los 


The current flowing into* an output with a specified output voltage applied and input conditions applied that ac- 
cording to the product specification will cause the output switching element to be in the off state. 

Note: This parameter is usually specified for open-collector outputs intended to drive devices other than logic 
circuits or for three-state outputs. 


Short-circuit output current 

The current flowing into* an output when that output is short-circuited to ground (or other specified potential) 
with input conditions applied to establish the output logic level farthest from ground potential (or other specified 
potential). 


lec; lpp Supply Current 


The current into, respectively, the Vpp, Voc Supply terminal. 


SS SS SS SSE SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS ETS SSS ES 
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TERMINOLOGY 


sess ssnSSssensinsn gnneeeaa csme raamn seams 
DYNAMIC CHARACTERISTICS 


ta 


txe 


tHoLp 


tw 


ther 


Access Time 

The time interval between the application of a specific input pulse and the availability of valid signals at an output. 
Example) 

tacc address access time 

tacs Chip select access time 

toe output enable access time 


Cycle Time 

The time interval between the start and end of a cycle. 
Example) 

tro Read cycle time 

two write cycle time 


Setup Time 

The time interval for which a signal is applied and maintained at a specified input terminal before an active transi- 
tion occurs at another specified input terminal. 

Example) 

tas address set-up time 

tow i input data set-up time 

tasw write address set-up time 


Hold Time 

The time interval for which a signal or pulse is retained at a specified input terminal after an active transition oc- 
curs at another specified input terminal. 

Example) 

tray Row address hold time 

toby Input data hold time 

troy Output data hole time from RAS 


Pulse Duration (width) 

The time interval between specified reference points on the leading and trailing edges of the pules waveform. 
Example) 

twe Write pulse duration 

tsp © Chip select pulse width 


Refresh time interval 

The time interval between the beginings of successive signals that are intended to restore the level ina dynamic 
memory cell to its original level. 

The refresh time interval is the actual time interval between two refresh operations and is determined by the system 
in which the digital circuit operates. A maximum value is specified that is the longest interval for which correct 
operation of the digital circuit is guaranteed. 


Example) 
tree Refresh time interval 


lf 


TERMINOLOGY 


Transition times (also called rise and fall times) 


The time interval between two reference points (10% and 90% unless otherwise specified) on the same waveform 
that is changing from the defined low level to the defined high level (rise time) or from the defined high level to the 
defined low level (fall time). 


Valid time 


(a) General 
The time interval during which a signal is (or should be) valid. 


(b) Output data-valid time 
The time interval in which output data contines to be valid following a change of input conditions that could cause 
the output data to change at the end of the interval. 

Enable time (of a three-state output) 


The time interval between the specified reference points on the input and output voltage waveforms, with the three- 
state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 


NOTE: For memories these intervals are often classified as access times. 


Disable time (of a three-state output) 


The time interval between the specified reference points on the input and output voltage waveforms, which the three- 
state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 


B. WAVEFORMS 


Symbol Input Output 
MUST BE WILL BE 
VALID VALID 
NNN CHANGE WILL CHANGE 
FROM H TOL FROM H TOL 
V/HHLULU CHANGE WILL CHANGE 
FROM LTO H FROM L TO H 
DON’T CARE: 
CHANGING: 
RRR ANY CHANGE STATE UNKNOWN 
PERMITTED 
_ N/A od 
IMPEDANCE 
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ORDERING INFORMATION 


-GOLDSTAR MEMORY 
ORDERING INFORMATION 


GM XXXXX XX — XX / XX XX 


TEMPERATURE RANGE 


PART NO (OPTION) 
BLANK: COMMERCIAL 
M : MILITERY 
|: INDUSTRIAL 
PERFIX OF 
GOLDSTAR 
MEMORY IC BURN IN (OPTION) 
B : BURN IN 
SPEED 


25:25ns 85: 85ns 
35:35ns 10:100ns 
45:45ns 12:120ns 
55:55ns 15:150ns 
60:60ns 20:200ns 
70:70ns 25:250ns 
80:80ns 30:300ns 


PACKAGE TYPE 
BLANK : PLASTIC 


D : CERDIP 
C : SIDE-BRAZED 
F : FLAT PACKAGE (SOP) 


F (PACKAGE WIDTH :0.3_ INCH) 
FW (PACKAGE WIDTH :0.33 INCH) 

: SOJ 

: ZIP 

-‘ LEADLESS CHIR CARRIER 

: PLASTIC LEADED CHIP CARRIER 

: SIP 

: PIN GRID ARRAY 

: SHRINK DIP 

- SKINNY DIP(SLIM PACKAGE) 

: MODULE 

: DICE 


Ur-N®M 
r Q 


xZ<x~AKAQN 
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PRODUCT SPECIFICATION 


GM76C28 
CMOS 16K-BIT STATIC RAM 


Description | Pin Configuration 


The GM76C28,/19 is a 2,048 words X 8 bits asyn- 
chronous, static, random access memory on a monolithic 
CMOS chip. Its very low standby power requirement makes 
it ideal for applications requiring non-volatile storage with 
back-up batteries. The asynchronous and static nature of 
the memory requires no external clock or refreshing cir- 


cuit. Both the input and output ports are TTL compatible 2 | 
and the 3-state output allows easy expansion of memory a 
capacity. © 
Features 7 
© ACCESS tiMe .........cccccceees GM76C28-10 100ns(Max) 

GM76C28-12 120ns(Max) 
e Low supply current ........ Standby : 1pA(Typ) 

operation: GM76C28-10 30mA(Typ) 

GM76C28-12 25mA(Typ) 

¢ Complete static operation AO to A10 Address Input 
© Single POWEr SUPPLY ....ccscsscscsseesseessssseserss 5V+10% R/W Read/Write 
¢ TTL compatible inputs and outputs OE Output Enable 
¢ 3-state output with wired-OR capability 6S Chip Select 
¢ Non-volatile storage with back-up batteries 01 to 8 Data Input/Output 
e¢ Standard 24 DIP (600mil)/24 SOP (330mil) Vist Power Supply(+5vV) 


Vss Power Supply(OV) 


Schematic Diagram 


256]! MEMORY CELL ARRAY 
256X8X8 


Y DECODER 


ADDRESS BUFFER 


01 1402 1/03 1/04 1/05 1/06 1/07 1/08 
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GM76C28 


Absolute Maximum Ratings 
Voltage on Any Pin with respect 


to GND a ~0.5 to 7.0V 


Storage Temperature Tstg —65°C to +150°C 
Operating Temperature Topp 0°C to +70°C 
Power dissipation Pp 1.0W 


Stresses greater than those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 


Electrical Characteristics 


Recommended Operating Conditions 
T,=0°C to +70°C 


Vpp Supply Voltage 4.5 to 5.5V 
Vin Input High Voltage 2.2 to 6.0V 
Vi, Input Low Voltage =0.5 to 0.6V 


All voltages are referenced to GND pin=0V 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields, however, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high- 
impedance circuit. 


DC Electrical Characteristics (Vp5p>=5V+10%, Vsgs=OV, T,=0 to 70°C) 


SYMBOL 


| |, {Input leakage current 


Operating supply current 


| Ippo _| 


VoL Output voltage 
Vou 


5 Joutputeakage curent —[6S=Vy, or OF=Vaio=0 tooo =t] [1 T=1) [1 [aa 

S=Vit, Iyo=OmA 
VaESEV, V.=08V ho=OnA] [18] |] 16] [ma 
Tees [Average oparaing eurent Nin ycle, duty=100% .o=Omal | 30 [60 || 28 [ 60 [ma 


| loos standby supply current [.—__-Co=¥w_ Ss | TS SO] [1-5 | 3.0 | mA | 
p OSEVop=O.2V | tT 0 | | Tt | 50 | pA 


ta =4.0ma Sid 
TOMA 


a so A 
[ao eo [28 [50 [ma 


poet [oat v_ 


* Typical values are for reference, with Vp»p>=5V and Ta=25°C assumed 


Terminal Capacitance (f=1MHz, Ta=25°C) 


AC Electrical Characteristics: 


Read Cycle (Vpp=5V+10%, Vss=OV, Ta=0 to 70°C) 


SYMBOL PARAMETER CONDITIONS 


| tae ~—s«| «Read cycle time 


i Address access time mal 
access time 


ae OE output setup time 
CS output floating *9 
OE output floating 


[syMe0l[PARAWETER | CONDITIONS | WIN | TP | MAX | UNT 
[—c,] Trputcapecitncee | Veov | =i 4 dt Cd) 
[Og | WO capacitance | VioroV | +. 6 =| 8 =i] =r 


a Te a 
[toe | OE accesstime | *1—S=«dSS(i‘«é‘dtSC‘ 


pe [ett noe ine 00 


ane ce ~ GM76C28-12 


Pmax. | min [ Max. | ONT 
es a 
| 00 | | 120 ns 
a 
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Write Cycle: (Vpp=5V+10%, Vsg=OV, Ta=0 to 70°C) 


Address enable time sai | 


tow Input data setup time 


tow 


*1 Test conditions. 
1. Input pulse level: 0.8V to 2.2V 
2. t=t=10ns 
3. Input/output timing reference level: 1.5V 
4. Output load: 1 TTL+C, = 100pF 


*3 Test conditions. 
1. Input pulse level: 0.8V to 2.2V 


2. tr=tr=10ns Vop 
3. Test circuit 3009 
To output terminal SW 
1kQ 


5 pF 
Includes scope 
and jig capacitances 
Vg5 Vss 


Oo SW is set to the Vpp side when measuring Hi-z-high and 
high-Hi-z of low or twuz 


oO SW is set to the Vg, side when measuring Hi-z-low and low- 


Hi-z of low or twuz 


Output turnon turnoff times 


f& iL 
oh, 
oO 


R/W output setup time 


GM76C28 


GM76C28-10 
MAX 


GM76C28-12 
MAX. 


= 
<= 
A 


100 2 


a | 
| 


i 
on 


*2 Test conditions. 
1. Input pulse level: 0.8V to 2.2V 


2. t,=t=10ns Vop 
3. Test circuit 
Swi 
To scope 
3002 
To output terminal 
1kQ 
5pF 
Includes scope P 
and jig capacitances SWo 


Vss Vsg 


© Both SWt and SW2 are closed when measuring to, or 
tonz: 

o SW1 is open and SW2 is closed when measuring 
Hi-z-high of toyz Or toiz 

o SW1 is closed and SW2 is open when measuring 
Hi-z-low toyz OF torz 


Output turnon turnoff times 
OE: 


GM76C28 


Functions 
- Truth Table 


x: a os had or “Lo: i “ or “EH-7”” 


Reading Data 
Data can be read out if an address is set while CS and OE are held low, and R/W is held high. 


Writing Data 


There are following three ways of writing data. 

(1) Hold CS low, set the address, and apply a low pulse to R/W. 

(2) Hodl R/W low, set the address, and apply a low pulse to CS. 

(3) Set the address, then apply low pulses to both CS and R/W. 

In any case, data from the DATA I/O terminal is fetched into the GM76C28,9,12 at the transition of a section in which 
both CS and R/W are low. Because the DATA |/O terminal is in high-impedance state when GS or OE is high, or R/W 
is low, contention of data driver on the bus and memory output is avoided. : 


Standby Mode 


When GS is high, GM76C28 is in standby mode and only retains the data. At this time the DATA I/O terminal is in high- 
impedance state and input of an address, R/W signal, or data is prohibited. When CS is above Vpp-9.2V, current flow 
within the GM76C28 chip is only that in the high-resistance portion of memory cells and leakage current. 


Data Retention Characteristics with Low Voltage Power Supply (Ta=0O to 70°C) 


SYMBOL PARAMETER CONDITIONS 
Data retentions supply voltage CS2Vppp-0.2V Leo | 


Chip select data hold time 
Refer to the figure below 


Operation recovery time 


* taco: read cycle time 


Data retention timing 


Data retention mode 


4.5V Vopa22.0V 4.5V 


Note: When retaining data in standby mode, supply voltage can be lowered within a certain range. Read or write cycle cannot be performed while the supply 
voltage is low. 
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GM76C28 
Timing Chart 


Reade cycle 1 (OE, CS control, R/W=high) 


ADDRESS 


% YS a 


on 


a. Gi ¢ 


Read cycle 2 (R/W control, OE=low, CS=low) 


- 
Aooness == 
t 


aw =) 


. \V WYO 55% x 
. x1 -x PSO 
——————$———__ eee 


GM76C28 


Write cycle 1 (R/W control, OE=low) 


twe . 
ADDRESS (_____.) 
Fo prencns manne 
= QQ WWM WIZZ. YUM 
w ULL WINK Y= YD 


tow 
NANUNNAAAUUNANAAANNUAANANANNNNNANY MLL.) 


SM TTTLLLLLLLLLLLLLLLALLLLETTLLL Lf a — NAANAAAAAAN 
Dr (X___ XRRRRE 
Write cycle 2 (R/W control) 7 


canes = 
ULL LLIIL/ NIN 
ANNU N/M 


aw LLL A — NN 


Dout SOLA LLLLLLLLLLL. 
LLLLLLLAL LLL AAA AL Lf eo ton NANANRAAANI 


Di x YS LSEROOeoeK 
‘i ‘) PRE 


Write cycle 3 (CS control, OE=low) 


twe 


5 TM, *F— =n yi Wy Ww 
ov QUAN ‘<a UMM 


Dout DSA MLULLLLLLL 
LILLILILLLLLLELEL LL) 7" NARARRRRELY! 


GM76C28 


Characteristics Curves 


lppo Ta lopo’ Vop lona-teye 


(mA) 


0 
60 (°C) 3 4 5 6 (V) 80 120 160 200 (ns) 


0 20 40 


——— 

Tt ge 8¥ en eae ae 
P1682V..-0.2v ff 
——— 
ee ee ae ee Oe, a 
ae ae ee ae ae 


1.0 


——— oe 
2 CS OP 6 a a a a 


aan Ge” ane ee 
Se 
eS SS >= 


04 


2 3 4 5 (V) 


0.5 0.75 (V) 


40 60 (°C) 
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PRODUCT SPECIFICATION 


GM76C88 


8,192 x 8 BIT STATIC RAM 


Description 


The GM76C88 is a high speed CMOS static RAM 
organized as 8, /92x8 bits. It is manufactured using 
GSS’s high performance CMOS technology. 
Access times as fast as 85/100/120 ns are available 
with a maximum operating current of 80mA. 

The GM76C88 features fully static operation requi- 
ring no external clocks or timing strobes. 

Easy memory expansion is provided by active low 
chip select (CS1), an active high chip select (CS2), 
and active low output enable (OE) and three state 
drivers. 

All inputs and outputs of the GM76C88 are TTL 
compatible and operate from single 5V supply thus 
simplifying system design. 

The GM76C88 is processed following the test met- 
hods of MIL STD 883C. 


Features 


@8,192 x 8 organization 
e@ High Speed. 
Fast Access and Cycle Time 85/100/120 ns (Max.) 
e@ Low Power Standby and Low Power Operation 
ACTIVE : 60mA (Typ) 
STANDBY : 20,,A (Typ) 
eCompletely Static RAM : No Clock or Timing 
Strobe Required 
eCommon I/O (Three-State Output) 
e Directly TTL Compatible : All Inputs and Outputs 
eSingle +5V Operation (+ 10%) 
e Standard 28 DIP (600mil) 
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Pin Configuration 


(Top View) 


GND 


GM76C88 


§$ 5666 az? s 8 g al § 


: Address Input 

: Write Enable Input 

: Output Enable Input 
: Chip Select Input 

: Data Input/Output 

: Power Supply, +5V 
: Ground 

: No Connection 


GM76C88 


Absolute Maximum Ratings 


-2.0V to +7.0V 
-0.5V to +7.0V 
-0.5V to +7.0V 


Supply voltage to GND potential : 
DC input voltage : 
DC output voltage in high Z state : 


Storage temperature : -55°C to + 150°C 
Operating Temperature : 0°C to +70°C 
Power dissipation : 1.0W 


Stresses greater than those listed under “Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other condi- 
tians above those indicated in the operational sec- 
tions of this specifications is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 


Functional Block Diagram 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec 
tric fields; however, it is advised that normal precau 
tions be taken to avoid application of any voltage hig 
her than maximum rated voltages to this high-impe 
dance circuit. 


Recommended Operating Conditions: 


TA = OC 10107 cosas 
45 to 5.5V 


VCC Supply Voltage 45 to 5.5V 
VIH Input High Voltage = 22 to 6.0V 
VIL Input Low Voltage 05 to 0.8V 


ee eee, cover ee eee oer 


A4 AS AB AZ AB AD AIO A11 Al2 


PL d dt 


Voc ———~ 


GND ———+ 


LINE 
DRIVER 


U 


ADDRESS BUFFERS 


DRIVER | 256 x128 


U 


COLUMN I/O CIRCUITS 


ene DATA I/O 
: CONTROL 
no 


OE WECSICS2 


COLUMN DECODER 


PTT | 


AO Ai A2 A’ 
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GM76C88 


Truth Table 


(OE | MODE [VOPIN| VocGURRENT [NOTE 
i Not Selected HighZ [tsetse | 
[| owerbowny [Haz [ee tees 
A [outa isabied a 
a 
ie 
| Lt 


Le 
a oe 

La 

Din 


a fee 
DC Electrical Characteristics: (vcc = 5V + 10%, TA = 0° ~ 70°C) 


SYMBOL PARAMETER TEST CONDITIONS cai 


lu} Input Input Leakage Current = Current Vin = GND to Vin=GNDtoVec Bad Bai 


Output Leakage hoa CS1=Vin or hin or man 5.3 +10 
or WE= ML, Vio = GND to Veco 


Ico =| Power Supply Current GS1 =Vi, lyo=0mA, CS2= Vin ) - | 40 | 80 | mA | 


ba ce Operating Current MIN. cycle, duty = 100%, 
Ivo =OmA, Voc = MAX. 


CS1=Vin or CS2= PCSi=VinorCS2=Vy 


CSi> Kaela - CS2>VCC-0.2V 


CS2s0v000 <0. NV 


Output Voltage Sere 


* Typical limits are at Voc = 5.0V, TA=25°C and specified loading. 


X: Don't Care 


<| < 


— > (TA=25°C, f= 1MHz, VCC =5.0V) 


eg PARAMETER [TEST cerita NI UNIT 
Saf oe ear 


Note : This parameter is sampled and not 100% tested. 
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GM76C88 


AC Operating Characteristics: vcc=5v + 10%, TA=0°C ~ 70°C 


eRead Cycle 
GM76C88-85/GM76C88-10/GM76C88-12 
UNIT 


SYMBOL PARAK 
rad me ia 


tao Read Cycle Time 
tan Address Access Time 

Csi 
ee Chip Selection to Output 
toe Output Enable to Output Valid 
tz: | Chip Selection to CS 


Output in Low Z 


toLz Output Enable to Output in Low Z 


O10 
aja 


Chip Deselection to Output 
in High Z 


| & 
N | — 


Output Disable to Output in High 
Output Hold from Address Change 


| 


e Write Cycle 


MIN | MAX | MIN | MAX | MIN | MAX 
ele eee) 


ee 
i Pulse Width 
: 


S1, 
Write Recovery Time2 CS2 


Write to Output in High Z 


Data to Write Time Overlap 
Data Hold from Write Time 


: | | GM76C88 
Timing Waveforms 


eREAD CYCLE (1) 


t RC 


s Wit {ZATLICETET 


TTT TT} - i Sane 


AAAS 


8 


g 


ml 


al 


GM76C88 | 


eWRITE CYCLE (1) : (OE clock) 


prea ea 

a Lecce rmennnesnimed 
i ES SON 
7 NNANAVANNYANS Sa 0770 (/LTUUEL 
OE NNN 
Tht Sea Mies 


D LS SESS eee 
OO @PZE LIME I Ty 


fo) 
8 


= | 
m 


tow tou 
<ichina ca 
K Seti XXX 


GM76C88 


eWRITE CYCLE (2) : (OE Low Fix) 


twe 


ee eye pe 
=» Wh TTT 
a 
TTT -ANNNANNNANRANNT 


twri(4) 
* , we \\\ 
(5) |-— tWHz 8 (8) 
VVY 
ae fy KR 


(9) 
" OKT = ESSID 


MED 


NOTES: 1. Awrite occurs during the overlap of a low CS1, a high CS2 and a low WE. Awrite begins at the 
latest transition among CS1 going low, CS2 going high and WE going low. A write ends at the 
earliest transition among CS1 going high. CS2 going low and WE going high tWP is measured 
from the beginning of write to the end of write. 


. tow is measured from the later of CS1 going low or CS2 going high to the end of write. 
. tas is measured from the address valid to the beginning of write. 
. twr is measured from the end of write to the address change. 

twa: applies in case a write ends at CS1 or WE going high 

twre applies in case a write ends at CS2 going low. 


&@N 


5. During this period, I/O pins are-in the output state, therefore the input signals of opposite phase 
to the outputs must not be applied. 
6. If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in 
high impedance state. 
7. Dout is the same phase of the latest written data in this write cycle. 
8. Dout is the read data of next address. | 
9. If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the 
input signals of opposite phase to the outputs must not be applied to them. 
AC Test Conditions Figure 1 Output Load Figure 2 Output Load 
for : yt 
Input Pulse Levels. GND 10 30V ee 
Input Rise and Fall Times = 10.08 va 
Input and Output Timing References 1.5 V 0 oon 
Output Load 1 TTL Gate and CL = 100pF 
2550) 255 2 
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GM76C88 


Data Retention Characteristics : (Ta = 0° ~ 70°C) 


SYMBOL| PARAMETER TEST CONDITIONS MIN |TYP MAXIUN 
Vor VCC for Data Retention Von: | CS1>VCC-0.2V,CS2 > VCC- V 
saves GoM 
CS2 > VCC-0.2V or CS2.< 0.2V 


= tid lial 
ere [Veo san Csexo@y TT fe 
tcorn | See Retention Waveform Mu 
tention Time 
te Operation Recovery Time | aS 


la 
*Vi_ min =-0.3V, 20,,A max at Ta=0~ 40°C 


** tac = Read Cycle Time 


= 


lccpr1 | Vec=3.0V, CS1 > Voc-0.2V, 


Data Retention Current 


e Low Vcc Data Retention Mode: (1) CS1 Controlled 


t t 


COR Data Retention Mode 


CSP Vog -0.2V 
Csi 


eLow Vcc Data Retention Mode: (2) CS2 Controlled 
Data Retention Mode 


=e eS mee ee SS ee ee ee 


CS2<0.2V 


Csr seg me ws ee a es 
NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din buffer. If CS2 controls 
data retention mode, Vin for these inputs can be in the high impedance state. If CS1 controls the 
data retention mode, CS2 must satisfy either CS2 > VCC -0.2V or CS2<0.2V. The other input 
levels (address, WE, OE, |/O) can be in the high impedance state. 
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PRODUCT SPECIFICATION 


GM76C88L 
8,192 x 8 BIT STATIC RAM 


Description Pin Configuration 
(Top View) 
The GM76C88L is 65,536 bit static random access 


memory organized as 8,192 words by 8 bits using 
CMOS technology and operated from a single 5V 


supply. Advanced Circuit techniques provide low = 
power feature with a maximum operating current of Al2 we 
40mA and stand by current of max. 100uA. Its very A7 CS2 
low stand by power requirment makes it idel for ap- AG A8 
plications requiring non-volatile storage with back- Ké 
up batteries. The asynchronous and static nature | 
of the memory requires no extrnal clock or refres- ea a 
hing circuits. AS GM76C88L OE 
A2 A10 
Al csi 
Features i _ 
00 06 
@8,192 x 8 Organization . 
e Access Time : 150ns. ven ue 
e@ Low Power Consumption 02 04 
: stand by 2uA (typ.) GND 03 


: operating 3mA/MHz (typ.) 
eCompletely Static RAM : No Clock or Timing 
Strobe Required 
e Non-Volatile Storage with Back-Up Batteries 
e3-State Output with Wired-OR capability 


# Directly TTL Compatible : All Inputs and Outputs 
.sSingle +5V Operation (+ 10%) 
e Standard 28 DIP and SOP capability 


Ordering Information 
ACCESS TIME PACKAGE 


GM76C88L-15 | 150ns 600 MIL 28 Pin 
Plastic DIP 

ih atelier 330 MIL 28 Pin 
SOP 
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Absolute Maximum Ratings 


Supply Voltage Vdd -0.5 ~ 7.0V 
Input Voltage — _Vin  -0.5 ~ 7.0V 


ek es ee ee ee ee ey 


es Or ree. Cer eee eee errr ere ere eee ere rere, Co eee eee ere ere rere errr eres 


POCO e Re eee eee mee SHEET MRCP EEE EEE E EHD ES HOSED SERRE EEE EEE EHTS HENS ES OTE SD! COOB EEE T OEE D EO EHE DEE EEE O BETES 


Stresses greater than those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other condi- 
tions above those indicated in the operational sec- 
tions of this specifications is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 


Functional Block Diagram 


Address 
Buffer 


GM76C88sL 


Recommended Operating Conditions: 


VcC Supply Voltage ss 4S £0 5.5 V 
VIH Input High Voltage 2.2 to 6.0V 
VIL Input Low Voltage -0.5 to 0.8V 


Pee eee OPP Eeerre) Terre re rere reer r eer ere eee eee eee Ce eee 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec 
tric fields; however, it is advised that normal precau 
tions be taken to avoid application of any voltage hig 
her than maximum rated voltages to this high-impe 
dance circuit. 


Memory Cell Array 
512x 16x8 


\/O Buffer 


1/0 11/021/031/041/051/061/071/08 


GM76C88L 


DC Electrical Characteristics: (Vcc = 5V + 10%, TA = 0° ~ 70°C) 


SYMBOL PARAMETER 


fu Input leakage current 
all Standby supply current’ -—= C825 VDD -0.2V or CS2= Saas 
0.2V 


IDDA Vi= Vit, Vin icyo = 1s 
CS1= Vin or CS2=Vit or We=ViL 


lu 

IDDAI 

lLo | C 
VoL 


, lWo=OmA tcyc = Min 
Average operating current | 


Cc 
bi - | 


Output leakage current 
alll P ’ Of OE = ViH Vio =0 to Vop 


High level output voltage loH = -1.0MA 
aan Low level output voltage | lo. =4.0mA 


* 1 Typical values are for Ta=25°C ane Vpp=5.0V 


Vpp-0. 1 


Capacitance : (TA=25°C, f= 1MHz) 


SYMBOL PARAMETER | TEST CONDITION 


Note : This parameter is sampled and not 100% tested. 


AC Operating Characteristics : vpp=5v + 10%; Ta=0° ~ 70°C 
eRead Cycle 


SYMBOL PARAMETER CONDITIONS 


GM76C88L-15 
MIN MAX 


10 fe 

ee 
" 50 fns 
180 [ns 
[toc | Output enable access time ee 
ee 
ee 
- ee 
[70 ns 
ee 
ee 
ton [Outputholdtime | StSSSC~*idSC(‘ SCs 
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GM76C88sL 


AC Operating Characteristics: Vcc=5V + 10%, TA=0°C ~ 70°C 
eWrite Cycle 


SYMBOL PARAMETER CONDITIONS 


20 
Address enable time F 20. 
ite pulse wit 00 rs 
ee ee 
fe [Repay a 


*'1 Test Conditions’ * 2 Test Conditions . - 

1. Input pulse level : 0.8V to 2.2V 1. Input pulse level: 0.8V to 2.2V 
2. tr =tf = 10ns 2. tr = tf = 10ns 

3. Input and output timing reference levels 1.5V 3. Test circuit 


4, Output load 1m + CL = 100pF Vdd 


* 3 Test Conditions swe 
1. Input pulse level : 0.8V to 2.2V eigente 
2. tr = tf = 10ns ; 
; © output terminal 
3. Test circuit a: 
vi pron | 1kQ 
3000) lool capseiy® 
v sw2 


Vss Vss 
to output terminal SW Test:tcHz1,tcHz2,toHz Both SW1 and SW2 are close 
Test:tciz1,tciz2,toiz "Hi-Z" to "H" SW1 is open,SW2 is close. 
oe 1kO Test:tciz1,tcLz2toiz "Hi-Z" to "L" SW1 is close, SW2 is open. 
Include scope, | 
tool capacity 
Vss Vss OE 1.5V 1 se | OHZ 
Test: tow, twHz "HZ" to "H" and "H" to "Hi-Z SW is Vop side re) mye "Hy" ne 
Test: tow,twuz "Hi-Z to "L" and "L" to Hi-Z" SW is Vss side me) Hi-Z 15V'L" Le MHZ sy 
0.5V 
Output turnon turnoff time cst 1.5V —- BV 
tCHZ1 
1.5 : 
oye H" tCHZ2 
0.5VHi-Z ; 
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GM76C88L 


FUNCTIONS 
e Truth Table 


AitoA12 | DATAVO | MODE 

ee 

er 
Hi-Z 


[_Sase Gupta [Fee 


»4 . "HI" or as ag _ : “Tt | a Bi or "Hi-Z" 


e Reading data 


Data is able to be read by setting addresses during holding CS1="L", CS2="H", OE="L" and WE="H". 
And as Data I/O terminals are high impedance when O£ ="H'", the data bus line can be used for any other 
object, then access time apparently is able to be cut down. 


eWriting data 


There are following four ways of writing data into memory. 
(1) During holding CS2="H", WE="L" set addresses and give "L" pulse to GS1. 
(2) During holding CS1="L", WE set addresses and give "H" pulse to CS2. 
(3) During holding CS1="L", CS2="H" set addresses and give "L" pulse to WE. 
(4) After seting addresses, give "L" pulse to CS1, WE and give "H" pulse to CS2. 
Anyway, data on the Data I/O terminals are latched up into the GM76C88L at the end of the period that 
CS1, WE are "L" level, and CS2 is "H" level. As Data I/O terminals are high impedance when any of CS1, 
OE="H", or CS2="L", the contention of data driver with memory output bus can be avoided. 


e Standby mode 
When CS1 is "H" or CS2 is "L" level the GM76C88L is in the standby mode and the operation is only 
retaining data. In this case Data I/O terminals are Hi-Z, and all inputs of address, WE and data are 


prohibited. When CS1 and CS2 level are in the range over Vpp-0.2V, or CS2 level is in the range under 0.2V, 
in the GM76C88L there is almost current flow through the high resistance parts of the memory. 
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GM76C88L 


Timing Waveforms 
eREAD CYCLE 


tre 


Address 


Ko 
= eee ns aaecueare 


: ae ARNG 
EE 
A 
oes 5 


= WO A 


|e 
a ae 0 
NOTE : 1) WE is high for Read Cycle 


eWRITE CYCLE (1) (OE clock) 


s (OTT vm RS 
SMBNNNUNN ANNAN, Se 2/070 CULTLUUT 
cs NNN 
AA We TTT 


. SSeS SSSSSSSD 
OY ZI ee 


GM76C88L 


eWRITE CYCLE (2) (OE Low Fix) 


| two | 

» WW 
o : ANNNANANUNANNN 
SSS SSS ete OK 


(9) 


1 — OKT ae SSK 


NOTES: 1. Awrite occurs during the overlap of a low CS1, a high CS2 and a low WE. Awrite begins at the 
latest transition among CS1 S1 going low, CS2 going high and WE IE going low. A write ends at the 
earliest transition among CS1 going high. CS2 going low and WE going high tWP is measured 
from the beginning of write to the end of write. 


. tew is measured from the later of CS1 ¢ going low or CS2 going high to the end of write. 

. tas is measured from the address valid to the beginning of write. 

. twr is measured from the end of write to the address change. 
twri applies in case a write ends at GS7 or WE going high 
twre applies in case a write ends at CS2 going low. 

. During this period, I/O pins are in the output state, therefore the input signals of opposite phase 
to the outputs must not be applied. ___ 

. If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in 
high impedance state. 

. Dout is the same phase of the latest written data in this write cycle. 

. Dout is the read data of next address. 

. If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the 
input signals of opposite phase to the outputs must not be applied to them. 


&WN 


OOnN ODO Oa 
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GM76C88L 


Data Retention Characteristics : (Ta = 0° ~ 70°C) 


me CONDITIONS Cs oe Da 
oe CS2 <0.2V 


|Vore | CS2s02V00 | <0.2V 


ame Voc = 3.0V, iil > Voc-0.2V, 
CS2 > VCC-0.2V or CS2 < 0.2V 


eed fecrrtncnas pts 


tcorR Chip Deselect to Data Re- bao See Retention Waveform 
Tee Time 


‘ta | Operation Recovery Time 


PARAMETER 


Voc for Data Retention 


Data Retention Current 


* Vii min =-0.3V, 20.A max at Ta= = 
** tro = Read Cycle Time 


eLow Vcc Data Retention Mode: (1) CS1 Controlled 
t 


CDR Data Retention Mode 


CSP Veg -0.2V 


Csi 


eLow Vcc Data Retention Mode: (2) CS2 Controlled 


Data Retention Mode 


CS2< 0.2V 


OU awensda~senetdédamennwennne seat tae eewe be deteNeseeees ee enam an 

NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din buffer. If CS2 controls 
data retention mode, Vin for these inputs can be in the high impedance state. If CS1 controls the 
data retention mode, CS2 must satisfy either CS2 > VCC -0.2V or CS2<0.2V. The other input 
levels (address, WE, OE, I/O) can be in the high impedance state. 
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GM76C88sL 


CHARACTERISTICS CURVES (Continued) 


Normalized V;, - Vop Normalized Vin - Voo 


Vi Vin 


Vop Vop 


lon lo. 


Vox 


lppsi1 
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_PRELIMINARY SPECIFICATION 


Description 


The GM56C88 is a high speed CMOS static RAM or- 
ganized as 8192x8 bits. It is manufactured using 
GSS’s high performance CMOS technology. 

Access times as fast as 35 ns are available with maxi- 
mum power consumption of only 550mW. 

The GM56C88 features fully static operation requiring 
no external clocks or timing strobes. The automatic 
power-down feature reduces the power consumption 
by 73% when the circuit is deseleced. 

Easy memory expansion is provided by active low 
chip select (CS1), an active high chip select (CS2), 
and active low output enable (OE) and three state dri- 
vers. 

All inputs and outputs of the GM56C88 are TTL com- 
patible and operate from single 5V supply thus sim- 
plifying system design. 

The GM56C88 is processed following the test met- 
hods of MIL STD 883C. 


Features 


@8,192 x 8 organization 

@ High Speed. 
Fast Access and Cycle Time 35/45/55 ns (Max.) 

e@ Low Power Standby and Low Power Operation 
ACTIVE : 380mW (Typ) 
STANDBY : 110mW (Typ) 

e Completely Static RAM : No Clock or Timing Strobe 
Required 

e Common I/O (Three-State Output) 

e Directly TTL Compatible : All Inputs and Outputs 

e Single +5V Operation (+ 10%) 

e Standard 28 DIP (300MIL) 

eCapable of withstanding Greater than 2000V 
Electrostatic Discharge 


GM56C88 
HIGH SPEED CMOS SRAM 


Pin Configuration 
(Top View) 


NC 
A12 
A7 
AG 
AS 
A4 
i GM56C88 
A2 
Al 
AO 
00 
/O1 
02 
GND 
Pin Name 
Ao’ ~ Ai2 : Address Input 
WE : Write Enable Input 
OE : Output Enable Input 
CS1, CS2 : Chip Select Input 
Oo ~ O07 ~~: Data Input/Output 
Voc : Power Supply, +5V 
GND : Ground 
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GM56C88 


Ta 


Absolute Maximum Ratings 


Supply voltage to GND potential : -0.5V to +7.0V 

DC input voltage : -3.0V to +7.0V 

DC output voltge in high Z state : -0.5V to +7.0V 
‘Storage temperature : -65°C to + 150°C 

Output Current into outputs (low) : 20mA 

Electro static discharge voltage : >2000V (MIL STD 
883C method 3015.2) | 


Stresses greater than those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other condi- 
tions above those indicated in the operational sec- 
tions of this specifications is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 


Functional Block Diagram 


VO 0 
lll VO 1 
0 2 
. ! 
D 
E 03 
CG 
D 
256 x 32 x 8 
AcE Co ae > 
A7——->| FR ARRAY TL 0 4 
A8s—— 
z VO5 
_ ae | ORE >. oe 
cst POWER as 
Cs2 DOWN | 
we COLUMN ee YO7 
DECODER Ee | 
OE AO Pree Al ! fag 


Recommended Operating Conditions: 


TA = 0°C to 70°C 


VJH Input High Voltage 2.2 to VCC 
VIL Input Low Voltage -3.0 to 0.8V 


errs errr rrrrrr rrr Trrr rr rrr rr rr re eee ee 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec 
tric fields; however, it is advised that normal precau 
tions be taken to avoid application of any voltage hig 
her than maximum rated voltages to this high-impe 
dance circuit. 
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GM56C88 


Truth Table 


_ MODE I/O PIN | Vcc CURRENT NOTE 


Powerbown) [R@RZ [we 
se 


Write 


lec 
loc Write Cycle (1) 
loc Write Cycle (2) 


X: Don't Care 
DC Electrical Characteristics: (Vcc = 5V +10%, TA = 0° ~ 70°C) 


+|S 
EH 


= 
<3 33 3512 


Input Leakage Current Vin = GND to Vec 10 
lLo Output Leakage Current CS1=Vin or CS2=Vi_ or OE=Vin -10 +10 
or WE=Vit, Vvo=GND to Voc 
-300 


loc Average Operating Current MIN. cycle, duty = 100%, ljo=OmA, 
| Voc = MAX. Vin=Vec or GND 
Isa Standby Power Supply Current | CS1 > Vin or CS2 < Vi aa 
Output Voltage 
eo erin ba 


* Typical limits are at Vcc = 5.0V, TA= 25°C and specified loading. 
*2 Duration of the short circuit should not exceed 30 seconds. 


oO 


Capacitance: (Ta= 25°C, f= 1MHz, Vcc =5.0V) 


SYMBOL PARAMETER _ | TEST CONDITION 
ox [wt apacianee [Wear 
a A 


Note : This parameter is sampled and not 100% trested,. 


AC Test Conditions Figure 1 Output Load Figure 2 Output Load 
(for tLz1, twHz, tow 


Input Pulse Levels GND to 3.0V 


Pere eee eee eee eee ee eee eee eee eee eee ee eee eee ee ee eee ee ee ee 


eee eee eee eee eee ee ee ee rs 


+5V 
oe R1 Rt 
Output Load (IOLIOH) ss + SOP F 4810, 4812, 
including scope and jig. D D . 
OUT OUT 
+ 30pF* Ro at 5pF* Ro 
25520, 2552) 
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GM56C88 


AC Operating Characteristics: Vcc=5V + 10%, Ta=0°C ~ 70°C 
eRead Cycle 


GM56C88-35|GM56C88-45|GM56C88-55 
SYMBOL PARAMETER 


Ec icin 
eee 
for 


Chip Selection to Output 
foe 
Output Enable to Output Valid 


Chip Selection to CS1 
Output in Low Z 


aa 

jizz 

fez Oba aso w OupaTntowz — 
tz, Chip Deselection to Output | G67 
ize in High Z 
tow 
ae 


ak 
BED 


e 


= 
SZ 
CECECCEECIES 
= 
al 


aa 
~ 
NO 


Output Disable to Output in High 
Output Hold from Address Change 
GS7 Low to Power Up 


Q 

E 
= 
$< 


CS1 High to Power Down 


e Write Cycle 


SYMBOL PARAMETER 


Write Cycle Time 
CS71 Low to Write End 
CS2 High to Write End 


GM56C88-35 


MIN | MAX | MIN | MAX, 


SZ 


ee 
fen 
fee 
LN 
[Boreas Vai i na twine 
oe | We Fabs wea 
oe 
ee 


Write Recovery Time 
(Address Hold from end of Write) 


15 


Date we Tne Oveinp | 


two 
tow1 
tcwe2 
tWHz 
toH 


Oo 


GM56C88 


Timing Waveforms 
eREAD CYCLE (1) : note (1, 2) 


Address 


Data Valid 


RNG 
eREAD CYCLE (2) : note (1, 3) 


tre 
Address 


a \\\\\AAA aes 


" Zi a 
ANN : 


= (WO | ee TLL 
fos Se 


Pu | _ = a= 
V Supply 

CC 50% 
Current 


NOTE: 1: WEis High for read cycle 
2: Device is continuously selected. CST/OE = Vi and CS2 = Vin. 
3: Address Valid prior to or coincident with Cs transition Low. 


GM56C88 


eWRITE CYCLE (1) : WE Controlled 


fe) 
® 


= | 
m 


PO I 


: Wo 
LITTTTT TT » WMA\A\\\ 


SANANNNNANANANY SR 97/70 00 UUUUT Ii 


tow (6) 


NNW NN 


Tas (3) 


wh! ATT 


oS 


—— 


GM56C88 


e WRITE CYCLE (2) : CS1 Controlled. 


two 


taw 


ANNVANNE: eo VTL 
TTT RMT 


om NY = 


(5) }e— twuz 


(8) 
Pa SS SS SS es COO 


VET MD LE OL he a, 


(9) 


Din Data in Valid 


NOTES: 1. Awrite occurs during the overlap of a low CS1, a high CS2 and a low WE. Awrite begins at the 
latest transition among CS1 going low, CS2 going high and WE going low. A write ends at the 
earliest transition among Cs going high. CS2 going low and WE going high tWP is measured 
from the beginning of write to the end of write. 

. teow is measured from the later of CS1 going low or CS2 going high to the end of write. 

. tag is measured from the address valid to the beginning of write. 

4. twr is measured from the end of write to the address change. 

twri applies in case a write ends at CS1 or WE going high 
twre applies in case a write ends at CS2 going low. 

5. During this period. I/O pins are in the output state, therefore the input signals of opposite phase 

to the outputs must not be applied. 

6. If CS1 goes low simultaneously with WE goin low or after WE going low, the outputs remain in 

high impedance state. 

7. Dout is the same phase of the latest written data in this write cycle. 

8. Dout is the read data of next address. 

9. If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the 

input signals of opposite phase to the outputs must not be applied to them. 


W 


53 


PRELIMINARY SPECIFICATION 


Description 


The GM56C 164 is a high speed CMOS static RAM or- 
ganized as 16384x4 bits. It is manufactured using 
GSS’s high performance CMOS technology. 

Access times as fast as 25 ns are available with maxi- 
mum power consumption of only 385mW. 

The GM56C164 features fully static operation requi- 
ring no external clocks or timing strobes. The auto- 
matic power-down feature reduces the power con- 
sumption by 60% when the circuit is deselected. 

Easy memory expansion is provided by active low 
chip select (CS) and three state dirvers. 

All inputs and outputs of the GM56C164 are TTL com- 
patible and operate from single 5V supply thus sim- 
plifying system design. 

The GM56C164 is processed following the test met- 
hods of MIL STD 883C. 


Features 


@ 16,384 x 4 organization 
e High Speed. 

Fast Access and Cycle Time 25/35/45 ns (Max.) 
e@ Low Power Standby and Low Power Operation 
@Active : 267mW (Typ) 

Standby : 75mW (Typ) 

e Completely Static Ram : No Clock or Timing Strobe 

Required 
e Common I/O (Three-State Output) 

e Directly TTL Compatible : All Inputs and Outputs 

e@Single +5V Operation (+ 10%) 

e Standard 22 DIP (300MIL) 

e Capable of withstanding Greater than 2000V 
Electrostatic Discharge 
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GM56C164 
HIGH SPEED CMOS SRAM 


Pin Configuration 


(Top View) 

AS 

AG 

A7 

A8 

AQ 

A10 

Att 

A12 

A13 

Cs 

GND 
Pin Name 
Ao ™ Ai3 : Address Input 
WE : Write Enable Input 
CS : Chip Select Input 
Oo ~ VO3  : Data Input/Output 
Voc : Power Supply, +5V 
GND : Ground 


GM56C164 
OL 1 OF 


Absolute Maximum Ratings Recommended Operating Conditions : 
Supply voltage to GND potential : -0.5Vto + 7.0V _ TA = OC to 70°C 
DC input voltage : -3.0V to +7.0V YCC Supply Voltage 4.5V to 5.5V 
DC output voltage in high Z state : -0.5V to 7.0V VIH Input High Voltage 2.2 to VCC 
Storage temperature : -65°C to + 150°C VIL Input Low Voltage -3.0 to 0.8V 

_ Output Current into outputs (low) : 20mA All voltages are referenced to GND pin = 0V 
Electro static discharge voltage : >2000V (MIL STD 0c Beri cnencnettenranstteenenrse nO 
883C method 3015.2) 


Stresses greater than those listed under “Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other condi- 
tions above those indicated in the Operational sec- 
tions of this specifications is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec 
tric fields; however, it is advised that normal precau 
tions be taken to avoid application of any voltage hig 
her than maximum rated voltages to this high-impe 
dance circuit. 


Function Block Diagram 


INPUT BUFFER el 
/O0 
Al RO 
A2 —_—— 
A3 —— : VO 1 
Minee| 
A5-—| OD 02 
E 
AG | R 
A7 —— /0 3 
POWER 
| __ coun oconen any cs 
| 
1. | 
AO A8& ASQ A100 A11 A12 AI3 W 
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GM56C164 


Truth Table 


woe [vo PN 
fe ee 
ee 
ee 


Vcc CURRENT | NOTE 


PARAMETER | _TESTCONDTIONS —_ [MINTY 
[os [ Cupar Se Gea Curent | Voo=WAK Vew=GND | 


Average Operating Current MIN. cycle, duty = 100%, lo =OmA, 
i [peewemeatns CR eS 
tsa | Standby Power Supply Current CSeVq 
a=BomR 
iN 


* Typical limits are at Voc = 5.0V, TA=25°C and specified loading. 
*2 Duration of the short circuit should not exceed 30 seconds. 


Oo 
-{- 
— 
oO 


Output Voltage 


Capacitance: (Ta=25°C, f= 1MHz, Voc=5.0V) 


Note : This parameter is sampled and not 100% tested,. 


AC Test Conditions | Figure 1 Output Load Figure 2 Output Load 
(tz, tLz, twz & tow) 
Input Pulse Levels, GND to 3.0V 
Input Rise and Fall Times 5nsS V +5V 


POSTE REET ERAT OEE EEO REST EHO EEE E HHH O EEE SEHET HET S ESE EEEE EET E HOSE HEED EE HEE EE OE 


+5 
i etal! ou host hk ae Rt RY 
Output Load IOLMOH) oo... Fig 1 & 2 4810) 4810, 
including scope and jig. a 5 
OUT QUT 
~ tt 30pF* Ro + BpF* Ro 
2550) 7 2552) 
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GM56C 164 


AC Operating Characteristics: Voc=5V + 10%, Ta=0°C ~ 70°C 
eRead Cycle 


SYMBOL PARAMETER 


ex [rae aces Tine |S 
fees [owe Sennen iefes| as 
LZ 


t Chip Selection to — 3 3 3 
Output in Low Z CS 

tHz Chip Deselection to GS ~ 10 15 
Output in High Z 


e Write Cycle 


Te | ee ee 
ee 


wo [wie Gaerne ee 

few [esto tevnie ead 

fis [atossseuptine 0 ee 
e 


te 


Write Pulse Width 


= | - | P| - | Oe] K- 
twR Write Recovery Time 
(Address Hold from end of 
- e Vee EE 
OB 


[DaiaFen fem wie tine [OTTO 


Output Active from End of 3 
Write 
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GM56C 164 


. Timing Waveforms 
eREAD CYCLE (1) : note (1, 2) 


Address 


Dout j Data Valid 


eREAD CYCLE (2) : note (1, 3) 


High Impedance 


D FS ie la Data Valid 
ial Soe 


Cc 


SB 
Supply Current 


NOTE: 1: WEis High for read cycle 
2: Device is continuously selected. CS = Vi__ 
3: Address Valid prior to or coincident with CS transition Low. 
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GM56C 164 


WRITE CYCLE (1) : WE Controlled _ 


t 


= TOMY ITT 
| a. 
om = 


' wz tow 


Dour Data Undefined 
tt tiara tamil High Impedance 
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GM56C 164 


WRITE CYCLE (2) : CS Controlled 


= TO” 7 


t 
DW : DH 


Pout Data Undefined 


High Impedance 


NOTES: 1. Awrite occurs during the overlap of a low CS, and a low WE. 

. tow is measured from the later of CS going low to the end of write. 

. tas is measured from the address valid to the beginning of write. 

. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

. During the twz. I/O pins are in the output state, therefore the input signals of opposite phase 
to the outputs must not be applied. 

6. If CS is low during the tov and tow, I/O pins are in the output state. Therefore, the 


input signals of opposite phase to the outputs must not be applied to them. 


1, 

2 
3 
4 
5 
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PRELIMINARY SPECIFICATION 
GM76C256 


32,768x8 BIT STATIC RAM 
HIGH PERFORMANCE 


Description | Pin Configuration 


The GM76C256I/Lis 262,144 bit static random access 
memory organized as 32,768 words by 8 bits using CMOS 
technology, and operated from a single 5V supply. Advanc- 
ed circuit techniques provide both high speed and low 
power features with a typical operating current of 
80mW/MHz and minimum cycle time of 85ns. 

When CS is a logical high, the device is placed in low power 
standby mode in which standby current is 2mA typically. 
The GM76C256 has two control inputs. Chip select (CS) 
allow for device selection and data retention control, and 
an output enable input (OE) provides fast memory access. 
Thus the GM76C256 is suitable for use in various 
microprocessor application systems where high speed, low 
power, and battery back up are required. The GM76C256/L 
is offered in 28 pin DIP(600mil) and SOP(330mil). 


Feature 

e High Speed: Fast Access and Cycle Time 
85/100/120/150 ns(Max.) 

@ Low Power Standby and Low Power Operation; 
Stand by : 0-55mW (Max) —— 
Operation: Operation: 385 mW (Max) 

e Completely Static RAM: No Clock or Timing Strobe 
Required 

e¢ Equal Access and Cycle Time 


e Directly TTL Compatible: All Inputs and Outputs Ay | 
e Standard 28 DIP and SOP | ae | Memory Array 
e Capability of Battery Back up Operation A 
12 
Avs 


Ag™Ai4 : Address Input 


WE : Write Enable Input == asf 


OE : Output Enable Input 

VOgelO; : Data Input Outpul etm 
V0 solumn /O 

VOo~l/O, : Data Input/Output =~, Tie) fers 

Voc : Power Supply, +5V VO; oe Column Decoder 

GND : Ground 7 | P 
. 
WE 


JE Ao A, Ao Az Ato Ag , 


GM76C 256/L 


Absolute Maximum Ratings _Recommended Operating Condition:T,=0°~70°C 
Input Voltage ViN -—0-3 to 7.0V Supply Voltage Voc 4.5 to 5.5V 
Supply Voltage Voc —0.5 to 7.0V Input High Voltage Vin 2.2 to 6V 
Supply Voltage Applied Input Low Voltage Vit —0.3. to 0.8V 
to Outputs High Z State Voc (High Z) —0.5 to 7.0V Data Retention Supply Voltage Vp, 2.0 to 5.5V 
Storage Temperature Tst¢ =65. to +150°C 

Storage Temperature with 

Power Supplied Tosoar —55 to +125°C 

Output Current Into Output Ip 10mA 


DC Electrical Characteristics: (Vo,=5V+10%, T, =0°~70°C) 


SYMBOL PARAMETER TEST CONDITIONS 


bio Ac aR lll 

Wn [out righ Votage if SSSSCSC*s 
vn | put tow Votage SSS m0 
Tx | put oad Curent | GND<V.Veg 2 
ptse ae 
| ter 
a 


Can 


UNITS 


| MAX 
a 
| 0.4 
/ 08 
2 
/ 2 
| 20 
| Note 
cz 


Stand-by Power 
Supply Current CS=Vo,—-0.2V 
Operating Supply Current CS=Vi, Iyo=OmA 


Average Operating Power Min Cycle, duty=100% 


Supply Current 70 


lyo=0 mA 


Note : GM76C256 :1mA, GM76C256L:100HA 


AC Operating Characteristics: Vog=5V+10%, Ta=0°~70°C (Note 2) 
e Read Cycle 


GM76C 256/L 


AC Operating Characteristics: Vop=5V+10%, T,=0° 70°C 
e Write Cycle 


| GM76C256-85 |GM76C256-10|GM76C256-12/GM76C 256-15 
SYMBOL | PARAMETER 
prowess a eel 


Pine [wee orto Tine Pos |= [roof = fvzof = fasof = [oe 
ee Ce a eee a 
Cian [ Atos Vaso End of Wie [75 [ = [eo [= [os |= [roof =| 
Tiss [aaeress soup time ‘| o| | of | o[ | o| |m 
we [wre Puse wan ~~~‘ eo || eo|-|70[- |e] — |r 
tun |wite Recovery time «dt 8 |-]s{-|s[-|s[-|o 
tz [wre w OuputinHohZ | 0 | 0] o [es] o [| o|so| nm 
rm 
cae 
1 


Data to Wete Time Overep | 40] — | 40] — | so; — |e] |v 
Bata Hoi tom WeteTme | 0 |-|o]-|o|-|o]—|m 
Out Disable to Outpt righZ | 0 | 20 | 0 | a5] o | 40] o | 50 | mw 
Output Active fom End otwite [6 |-[s }-[s|[-]s]—| 


NOTES: 

1. Not more than 1 output should be shorted at one time. Duration of 5. The internal write time of the memory is defined by the overlap of CE 
the short circuit should not exceed 30 seconds. low and WE low. Both signals must be low to initiate a write and either 

2. AC operating conditions assume signal transition times of 5ns or less signal can terminate a write by going high. The data intput setup and 
timing reference levels of 1.5V, input pulse levels of 0 to 3.0V and out- hold timing should be referenced to the rising edge of the signal that 
put loading of the specified lo./Io4 and 30 pF load capacitance. terminates the write. 


3. tuzoe and tuzce are tested with C_=5 pF as in Figure 1b condition is 6. WE is high for read cycle. 
measured + 500 mV from steady state voltage. 7. Device is continuously selected. OE, CE = Viv 

4. By given temperature and voltage condition, tyzce is less than tizce 8. Address valid prior to or coincident with CE transition low. 
for all devices. These parameters are sampled and not 100% tested. 


Capacitance 


SYMBOL PARAMETER TEST CONDITION | MIN: | MAX UNIT 


pF 
Output Capacitance Voc =5.0V 


Notes: Tested on a sample basis 


AC Test Loads and Waveforms 
R1 1KQ wees 
5V 


OUTPUT 


5V 
OUTPUT 


5 pF 


| INCLUDIN INCLUDING 
=JIGAND = =JIGAND 
” SCOPE SCOPE 


Figure 1a Figure 1b Figure 2 


THEVENIN EQUIVALENT 


4002 
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GM76C 256/L 


Timing Waveforms 
Read Cycle 1 (Notes 6,7) 


tac 


Vin 
ADDRESSES 
Vit 


Via 


Dout 
Vit 


PREVIOUS 


DATA VALID DATA VALID 


Read Cycle 2 (Notes 6,8) 


tac 


| Vis gen ern eh 
ee 
— Vin 
cs 
Viv 
_ Vin 
OE 
Vi tonz 
ie: —_ er 
Dour BST IMEEPANGE MLL DATA VALID - —— 


CLz 
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GM76C 256/L 


Timing Waveforms 
Write Cycle 1 (WE Controlled) (Note 5) 


two 


" $$” 

= 17 
= WY /— 
7 (one |) 


Write Cycle 2 (CS Controlled) (Note 5) 
twe 
Vw 
Viv! 
ee ee 
7 Me LLL, 
Vin 
. ae 
Vit 


Note: if CS goes high simultaneously with WE High, the output remains in a high impedance state 


IH" 
cs 


GM76C 256/L 


UNIT NOTES 
ama CS2Voc—0.2V 


Data Retention Characteristics :(T,=0°~70°C) 


SYMBOL PARAMETER 
Von Data Retention Supply Voltage 


Data Retention Current 
Note*: Read Cycle Time 


CE Controlled Data Retention Mode 


ce DATA RETENTION MODE 


re Vpp-0.2V 


Note **: If the Vi, of CS is 2.2V in operation, Ips; current flows during the period that the Voc voltage is going down from 4.5V to 2.2V 


GND 
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DRAM DATA SHEET _ 
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PRODUCT SPECIFICATION 


GM71256 
262,144 x 1BIT DYNAMIC RAM 


Description | Pin Configuration 


The GM7 1256 is high speed, high per formance dynamic 
RAM,organized 262,144 and manufactured using advanc- 
ed NMOS silicon-gate technology. The design is optimis- 
ed for both high speed and low power dissipation. 


Tp? GM7 1256 features multiplexed addressing, and all in- 
put signals, include clocks, are TTL-compatible, input and 
output signals are the same polarity, and the 3-state out- 
put buffer is CAS controlled. The Hi-C single transistor 
memory cell is used to enhance signal margin and reduce 
the a particle included soft error. This device offers page 
mode operation which allows high speed random access 
memory cells within the same row. 


GM7 1256 


The GM7 1256 features single power supply of 5V+10% 
tolerance and is available a 16 pin plastic DIP or cerdip 


Features Pin Description 

© 262,144 words x 1-bit organization 

© 100/120/150 ns access time from RAS Voc +5V Supply 

¢ 50/60/75 ns access time from CAS D Data In 

¢ 385/360/330 mW active power, Page Mode, Dout Data Out 

e 25 mW standby power Ao-Ag Address Input (0-8) 
e Multiplexed address inputs Ww Write Enable 

e +10% power supply tolerance RAS Row Enable 

¢ Read-Modify-Write capabilities CAS Column Enable 
° RAS Only Refresh/Hidden Refresh Vss Ground 

e Latched or high impedance output during refresh NC No Connect 

e 256 refresh cycles /4ms 

e Page Mode operation 


Absolute Maximum Ratings* 


Voltage Range on Vcc Relative to Vsg —1.0 to +7.0 
Power Dissipation 1.0 
Case Operating Temperature Range 0 to 85 


Ambient Operating Temperature Range 0 to 70 
Storage Temperature Range ** 
Ceramic Package —65 to +160 
Plastic Package —55 to +120 
Short Circuit Output Current 50 


* Maximum Ratings are defined as the limiting conditions that the user can apply to the device under all variations of circuit and en- 
vironmental conditions. If any rating is exceeded, permanent damage to the device may result. Extended operation at any of these 
conditions may result in reduced reliability. 

** Bonding or soldering of the external pins of these devices can be performed safely at temperatures up to 300°C. 
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GM71256 


Recommended Opreating Conditions: (T,=0 to 70°C) 


PARAMETER SYMBOL | MIN | NOM | MAX UNIT 
Voc 


Supply Voltages 4.5 5.0 5.5 V 
Vss 8) @) @) V 


Input Voltages * 
High Level—All Inputs (Logic 1) 
Low Level—All Inputs (Logic O) 
Refresh Cycle Time* * 


* Application of invalid levels may destroy stored information during that cycle as well as the first cycle using valid levels. Data out is indeterminate. 
** Addresses AO-A7 are used for refresh. A8 must be a valid one or zero. 


256 Sense Amps 256 Sense Amps 
256 Ref Cells 256 Ref Cells 


oOo 
w W 
an” 41/0 
2 Buses 
mney « 
Multiplexed 
Address Upper 2 of 512 Column Selector 
i Buffers Lower 2 of 512 Column Selector 


256 Ref Cells 256 Ref Cells 
256 Sense Amps 256 Sense Amps 


Data 


Out ce 
Buffer 


Data 
4/0 in o 
AMP Buffer 


1 of 256 
Row SEL 


Timing 


Generator 


Figure 1. GM71256 Dynamic RAM Block Diagram 
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GM71256 


Electrical Characteristics: (Voc=5V +10%, Vgg=OV, T,=0 to 70°C) 
M7 1256-10|GM7 1256-121|GM7 1256-15 
PARAMETER SYMBOL UNIT 
ran Jone [ww [oe | [nrc 


Output Voltages 
Low Level (Io, =4.2mA) 
High Level (lo4=—5.0mA) 


Power Supply Currents 


Operating Current 


(Average Operating CurrentRAS & CAS Cycling 
tac =minimum) 


Standby Current 
(RAS=V,4, Q=High Impedance) 


Refresh Current 
(Average Operating Current, Refresh Mode 
Operation) 

RAS Cycling, CAS=V,,, tac=min. 


Page Mode Current 
(Average Operating Current, Page Mode 
Operation, RAS=Vv, , CAS Cycling, 

tpo =minimum) 


Input Leakage Current 
(Voc=5-5 V, Vj=O to 6.5 V, 
All other leads at O V) 


Output Leakage Current 
{Q= High Impedance, Vg=O0 to Voc) 


ros Gosinn 08 ren [=fet- [el -[e be 
ron csscnnca ie” ‘| ew [= s}-[e[-|s| or 


rot Cncren AG ORSwa” _| en |= | [=|] -] 0] 
cue cwacincs aime” | |-|7]-]7 1-7] 


* Maximum occurs at T,=O0°C, lecy, loc: Ieca, aNd Iocs are specified with output open-circuited. 
** Parameter periodically sampled and not 100% tested. 


a 


Timing Characteristics: (Vo¢c=5V +10%, Vsg=OV, Ta=O0 to 70°C) (Notes 1, 2, and 3) 


JEDEC |GM71256-10 ) . UNIT 


Random Read/Write Cycle Time tRELREL i 
Access Time frorRAS trevoy ae 
(Notes 4 & 5) 
Access Time fron CAS me 
(Notes 5 & 6) eee 
Output Buffer Time Off Delay 
tcEHaZ ns 


(Note 7) 
Transition Time 


ty 


RAS Precharge Time tREHREL 
RAS Pulse Width tRELREH 
RAS Hold Time tCELREH 
CAS Pulse Width (Note 8) tcELCEH 
CAS Hold Time tRELCEH 
RAS to CAS Delay (Note 4) tRELCEL 


CAS to RAS Precharge Time (CEHREL 


Row Address Setup Time tRaVREL 
Row Address Hold Time tReLRAX 
Column Address Setup Time tcavceL 
Column Address Hold Time tcELCAX 


Column Address Hold Time Ref. 
to RAS 


Read Command Hold Time Ref. 
to RAS 
Read Command Setup Time 
Read Command Hold Time Ref. 
to CAS 
Write Command Hold Time 
Write Command Hold Time Ref. 
to RAS 
Write Command Pulse Width 
Write Command to RAS Lead Time 
Write Command to CAS Lead Time 


tRELCAX 


treHwx 


tWHCEL 


tcEHWx 


tceLwx 


tReLwx 


twewH 
tWLEREH 
tWicEH » 


Data In Setup Time 
Data In Hold Time 
Data In Hold Time Ref. to RAS 
Write Command Setup Time 
(Note 9) 


CAS to W Delay 
(Read-Modify-Write) 

RAS to W Delay 
(Read-Modify-Write) (Note 6) 

Data In Hold Time 
(Read-Modify-Write) (Note 6) 

Data In Setup Time 
(Read-Modify-Write) 

Refresh Period 

Cycle Time (Read-Modify-Write) 


tcELWL 


tRELWLe 


twepx 


tovwt 
tr 
twretreL| 245 


re 


DESCRIPTION 


PAGE MODE OPTION 


Page Mode Cycle Time toeLceL 
CAS Precharge Time toeHCeEL 


Notes: 
1. Timing specifications given assume t, = Sns. | 
2. Vi, (min), V, (max) are reference levels for timing specifications or inputs Signals. Transition times are to be measured between these reference levels. 


3. An initial pause of 100 us followed by a minimum of 8 refresh cycles is necessary after V_,. is applied, to achieve proper device operation. Address AO-A7 
are used for refresh. A8 must be a valid one or zero. 


- For trevcer > thercer (MAX.). taeray Will increase by the amount that ta-o¢, (max.) is exceded. 
Q load assumed to be equivalent to 2 TTL loads and 100 pF. 
. Assumes treicg, 2 treice, (Mmax.) 


t 7 (max.) defines the time at which Q achieves the open circuit condition. 

AS can be held at Logic O for an indefinite time for latched output during refresh. However, taetpax Must be increased to 100ns. 
Non-restrictive operating parameter. If twice. 2 twice. (min.), the cycle is an early write cycle and the dat out (Q) will remain an open circuit (high impedance) 
for the entire cycle. If torw, 2 toe, (Min.) and teriw, > trerw, (min.), the cycle is a read-write cycle and the data out (Q) will validly reproduce the data 
contained in the selected cell. If neither of the above sets or conditions is satisfied, data out will be indeterminate. 


ae SO oe 
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Timing Waveforms 


='cre 


cS y = [> 
Vi t a XO _ 
now ns ROT cates KOO BD sscesssrsscensiies aK 


tacs RR 


“RRR OC = Wa 
KRXRRRON ERK _ 7 CO 
Oa 9 ore 


Figure 2 Read Cycle 
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AO to A8& - BY KY) jd ¢ WAX WX Wy) WN WX) 


ns KY AAA 
OOK am SAXON 


,9,9.9,9 


AVA 


=| 


tos 


V¥ HD XY 
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Figure 3. Write Cycle (Early Write) 
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Figure 4. Read-Write/Read-Modify-Write Cycle 
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Figure 6. Hidden Refresh Cycle (Notes 3 and 8) 
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Figure 8. Page Mode Write Cycle 
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PRODUCT SPECIFICATION 


Description 
The GM71C256 is a high speed dynamic RAM or- 


ganized 262,144x1 Bit. The GM71C256 utilizes 
Goldstar’s silicon Gate process technology as well as 
advanced circuit techniques to provide wide operat- 
ing margins, both internally and to the system user. 
The GM71C256 offers Fast Page Mode which allows 
high speed random access memory cells within the 
same row. Multiplexed address inputs permit the 
GM71C256 to be packaged in a standard 16 pin DIP. 
The package size provides high system bit densities 
and is compatible with widely available automated 


testing and insertion equipment. System oriented 


features include single power supply of 5V + 10%. 


tolerance, direct interfacing capability with high per- 


formance logic families such as Schottky TTL. The 


GM71C256 is ideal for high speed, high performance 
systems such as mainfraim, minicomputer, graphics, 


PC and high performance \.-processor systems. 


Features 


@262,144x1 Bit organization 

eFast access time and cycle time : 80/100/120 
ns(Max) 

eSingle Power Supply of 5V + 10% with a built-in 
Ves generator 

e Performance Range 


PARAMETER 


GM71C256 


256K X 1 BIT 
CMOS DYNAMIC RAM 


Pin Configuration 
16 Plastic DIP 


@ Low Power 

@330mW MAX. Operating (GM71C256-80) 

@247mW MAX. Operating (GM71C256-12) 

@16.5mW MAX. Standby | 

e Read-Modify-Write, RAS-only refresh, CAS Before 
RAS Refresh and Fast Page Mode Capability 

@ All input and output TTL compatible 

@ 256 refresh cycles/4ms 

e Industry standard 16 pin Plastic DIP. 


~ 
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Pin Description 


Address Inputs 
Row Address Strobe 


Column Address Strobe 


a 


5 


we 
La 


Ordering Information 


Write Enable | 


GM71C256-80 ~ 300 MIL 


GM71C256-10 16 PIN 
GM71C256-12 | PLASTIC DIP 


Recommended Operating Conditions 


SORTS HSE SERS HES EEE SE OAE SSH S EET HEOHEEEOTOENESE ER HTHRETEEEHOSOEHHHEETOAHONHMEDHOSH SESH ESET EH HER SEER ES 


RRR R EROS REESE SHEE OEE OE TECH OEE TE RSE EESEEH EEE SES EE DH SEHR EH ERODE RH OEHEEDEDEAEHEEE HEHEHE EE EAE E EES 


Peer ees s cere FBe sees eee eeer erase SSeS OEE EEH STEERED HEHEHE HEE HSEST SOE A EHO OTH HEHEHE DEO EH OH HEHEHE OH ET EH DHOY 


eee ee ee ee ee et 


seesese ree Mec ccsccecce 


ee ee ee ee ee ee eo ris 


eae ree eeneaseovensaseaaeseseresnes 


Pere resesereeesereeersereeeerereeee 


0°C to + 70°C 


ee eee ee ee ee ee 


Perec sre see ss es aseeeteoneenasesens 


Votage on any Pin Except VCC Relative to VSS -1.0V to 7.0V 
Voltage on VCC relative to VSS cc cccecee 71.0V to +7.0V 
Data Output Current: ic cccccssssssssssusmuutusutisisessassasasasnasesnesee S0mA 
PowerDissipation === ss 


Note : Feedba at or above Absolute Maximum Ratings can adversely 
affe | 


ct device reliability. 
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GM71C256 


GM71C256 


DC Electrical Characteristics : (Vcc = 5V +10%, Ta = 0 ~ 70°C) 


SYMBOL PARAMETER 


Output Level 
Output "H" Level Voltage (lout = -5mA) 


Output Level 


Output "L" Level Voltage (lout = 4.2mA) 


Operating Current 
Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tac =trac MIN) 


Standby Current (TTL) 
Power Supply Standby Current 
(RAS = CAS = Vix) 


RAS Only Refresh Current 


Average Power Supply Current , mA 
AAS Only Mode j100 | - | 50 | 
(RAS Cycling, CAS = Vin : tac = tac MIN) iat a Se 


Fast Page Mode Current 
Average Power Supply Current 

Fast Page Mode 

(RAS = Vi, CAS Cycling: tec = tec MIN) 


Standby Current (CMOS) 
Power Supply Standby Current mA 
(RAS = CAS = Voc-0.2V) 


GAS before RAS Refresh Current 


Standby Current RAS = Vin 


4 | 
CAS = Vit rio || 4 | mA 
mls a 
liq Input Leakage Current 
Any Input (OV < Vin $ 6.5V, A 
All other Pins Not Under Test = OV) 
low) Output Leakage Current -10 10 WA 
(Dour is Disabled, OV < Vout < 6.5V) | 


SYMBOL PARAMETER | 


Input Capacitance (AO - A8) j = |. 
rp Capac RS CRE WATE) | 
ae 


Output Capacitance (Dout) | 


* Note : Capacitance is sampled and not 100% tested. 


GM71C256 


Electrical Characteristics And Recommended AC _ Operating Conditions 
(Vcc =5V + 10%, Ta=0 ~ 70°C) (Note 5, 6, 7) 


GM71C256-80 GM71C256-10 
UNIT INOTES 


Srueo PARAMETER | ane] wef | [HA 
fic [Random Readiirie Cyclo Time [vas[ =| wve| =| aosy = | ns | 
fteuw | Read-Modify-Write Cycle Time | i75| = | 2t0[ = | 24s] - | ms | 
tec [FastPageMode Cycie Time [85] = = [eof = | 70] = | ms | 
fen |Baetinsoce resemecivvnie | 8] Le 
trac AccessTimetrommas | ~~ =| 80 [ - [ 100 | - | 120] ne | 819 
ficac [Assess Timewromeas | = ‘| 2 [= | % | = | ao] ne | 819 
[tax [Aasens Time from Goturnn Adaress [= [40 [= | a [= [ss] ne [814 
[tora | Aosass Time irom Gas Precharge [= [60 [= [6 [= [65] ne | 6,14 
[torr [Output Butter Tum-off Delay | oe ee 
| anion Tne Pas nday—[ —s[ ae [ 8-8] se | 
fire [RASPrechargeTime | SS] | ST | 75] | ns | 
[teas [RASPulsewidth |= 80 | 75000 | 100| 75000 | 120| 75000| ns | 
esniA | RASHeIGTime (eed Oye) —— [eof = [ae] | OT | ne | 
esrOW)_[RASHeId Time (te Gyele) | aB[ = [ao] Taf ns 
fics [CaSHoTIne w= | Yoo =| aot ne | 
cas(F_ | CAS Pulse wieth in Read Gyele [20 7000 [25 | 7000 |" 30 75000 | ne [ 
cast) | CAS Pulse Wicth in Wrte Cycle | @s{ = [sO] = [asf | ne 
[isco [RAST CAS Delay Time | 25 60 [a8] 7s [90 | oO] ns [1S 
ia em Od i a 
toe [TaSPrechargeTime | 5] = | OY Tt ts | 
fasn [Row Address SetUp Time [|= [Of = [Of = [ne | 
‘tran [RowAddressHoidtime [eT = [et TOT | ns 
[aso [Column Adcress SetUp Time [Of = [Of Of ne | 
fica [Column Address Hold Time [t= [otf ns | 
fra | oluran Aaressto RAS LeadTime | 40[ =| a5[ = [ef | ns 
fines [Read Command SetUpTime [Of = [Of fof = | ns [0 

Read Command Hold Time 
vow coger eT | 
tar Column Address Hold Time from 70 

ag Seer 
tWoR Write Commend Hold Time from Eee 70 wie 

RAS 

Data in Hold Time Referenced to 70 
ae: eM 
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tw 


GM71C256 


(Vcc =5V + 10%, TA=0 ~ 70°C) Unit : nS (Note 5, 6, 7) 


GM71C256-80 GM71C256-10 GM710256-12 | 
PARAMETER max | UNIT NOTES 
i 


Write Command Hold Time 


Write Command Pulse Width 


L Write Command to RAS Lead Time 
WL Write Command to GA6 Lead Time] 
s Data Set-Up Time 


Data Hold Time 


Refresh Period (256 cycle) 


WH 
= 
OO 
O 


CH 
=) 


pr 
= 
SOREL 


| 4 4 
s Write Command Set-Up Time - 
CAS to Write Delay Time - 
) 120 : s 


nT 
itt 


RAS to Write Delay Time (RMW) 
Column Address to Write Delay 
RAS to GAS Precharge Time 


Set Up Time 
Refresh 


Hold Time 
Before RAS Refresh 


CAS to Din Delay Time 


Read-Modify-Write Cycle 
RAS Pulse width 


” 


tcsr 
tCHR 
DD 


Notes 

1. Stresses greater than those listed under "Absolute Maximum Ratings’ may cause permanent damage 

to the device. 
2. All Voltage are refrenced to VSS 
3. ICC1, ICC3, ICC4 depend on cycle rate. 
4. ICC1, ICC4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 2001LS is required after power-up followed by 8 Ras cycles before proper device 
operation is achieved. 

6. AC measurements assume tT = 5nS. 

7. VIH (min) and VIL (max) are referenced levels for measuring timing of input signals. Also transition 
times are required between ViH and VIL. 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. tOFF (max) and tOEZ (max) defines the time at which the output achieves the open circuit condition 

and is not refrenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. ; 

11. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-modify-write cycles. 

12. t WCS, tRWD, tCWD and tAwp are not restrictive operating parameters. They are included the data sheet as electrical characteristics only. 
If twCS = twCS(min) the cycle is early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle: If 
tRWD = tRWD(min), tCwD = tcwD(min) and tawD = tAWD(min) the cycle is a read-write cycle and data out will contain data read from 

the selected cell: If neither or the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a referenced point only: If tRCD is 

greater than the specified tRCD(max) limit, then access time is controlled by tCAC. 

14. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a referenced point only: If tRAD is 
greater than the specified tRAD(max) limit, then access time is controlled by tAA. 
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Timing Waveforms 


Vig = tras 


ihe ee eee ACER 
Vi 


ia Al 6 an 
CAS 
v,, oe 
tasr 


Viq ," XX) —F XY a AY Ae ee vy YX XU WY 


AO to AS vy, ~2 RAT how i" ee ( COLUMN IY K KKK KE ele rellate ’ 
tron 
tacs 
= 
Tare Vin AX #19 ¢ AY Mans We “e ie XXX) 


VA NYA 
IL 


trac , 
ww 
RY 
x.) 


OPEN 


Ss | 
lore 
VALID DATA 


Figure 2 Read Cycle 
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\ ¢ 46.44 WAAR ARK RADY 4,9,9,9,9,4.4.6.6.6.6.4 


CWL 


t 
twoH 


Vil — SRST REECE on ed : 
OXXXXXKAAAKAARAKAKS 4.99000 40'0 6046 YKX KS 
WRITE #4 } YXKK KICK KKKK IRIN IK 


¢ 
(XXX XXXXAX KK XXX NYY (XXX) 
Vit — COOK TARY ID 


| as 


is i 
Vin 0000000000000 000004 6.0'6'0.06'0.0'0'6'6:6.0:0.6.0'4.0,0,.0'0'6 6.0.9,9 
é 6960006 @ 
ON Vi, am CRIA, VALID DATA —_ FRAO ROKK K 
| 
OH 
Dour 7 OPEN nettomonnmieneanncn centered rar 


Figure 3 Write Cycle 
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AO-A8& 


WRITE 


Din 


Dout 
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GM71C256 


tawe 
tap 
| 

Vin — bias 

tore 
Vin _— AB ch 
VU— | 

tasr 
Vis RR) FF /X) WOXAAAAKAKXAAAA KARA AAR AAA AA 

YY’ "4 RY "7 R a 

Vv, —eMyy J row f Oy J comm KKK KKK KKK RK 


tawo 
mol | | 


wu t "A A A‘’A’ Vartavat a BA avaVaVaravVaY’ "A’sa’sA 
00°6'0'0'6'0'0'600'6'0'6'0- 6-0 WP CAAA AAA NAY 
Vi — SRR KRY rz tee D_ AXXXXXKXX XXX KKK KY 
| 
) ‘ 
’ 4 


Vin — SII VV UA RAAAAAAAAASVYYVYVAVAASYVY wav," vy Va"a¥ XXX KKK XYY XY 
AKL XXX EKX NRK RK RX REX KKK RK (} vauip ovata‘ {} UYYYN OX KAAAAAY } ‘YY’ A) 


+0464 
Vit — MAAXXXXARXAXAAMAKA 4 4,9,9,9,9,9,9.6.6.4.6.6 : : 


+4 


4.4.4.4.6.9.6.6 


AXAAAAAAAAAKA A 


"sv, 
— ee Oe ( VALID DATA 
oe : : | 


Figure 4. Read-Write Cycle 
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Vin a t ad 
wom RAS . 
RAS 

Vi— 

toe 
‘cr? tg top 

7 sin\'S 
as | \\ \ 

— oan -¢ a =i 

V ave 


—# ' if om RXXXXXEXXERA 
ai il H qr : 
IH —~— "05 | 
= RRRRRKR ARTY wy PRY FERRE 
cae i YY 
coe 


Vi is x) NYY 
Vics rat 
sal VALID or) a VALID f\ 


Dour N DATA DATA 


- i 1 ee Ke be 


WRITE 


Figure 5. Fast Page Mode Read Cycle 
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GM71C256 


ts . 
| oS 
Vin —- tras 
RAS 
Vit —— 
tore: 
ol 
Vin = 
CAS ; 
| eas 
tasr 
Vin ome OE eee YY v,7 vy YYYYYYY ¥ vy 
AO-A8 40.4% COL NYY YK KXLY 
V, — COON IXY 


t 
twos twon_, ‘wes buick 


ViW—. 


Ky BY KKK AY *" YY "" A -_ ' - +% i a - 4% i YY XX XY) AKXYXX XY) 
WRITE IXXXXXXXX XX CX) ¢ § 
Vi COOLER | KR LK LXER RRR 


sAahaad ada A IN- aa aA 


aes pay ey aes 
v," 


V pps PRAARARAAAAAAARAA vay , 
XXX K KKK KK KK KX) XX} XX) 1°06 0°60 4°00 9006 
D (XXX) (XXX KA) Y VALID DATA > VALID DATA VALID DATA 
NV, —— COKIN YY Yvan oara ) XY DKK RXR ROKK 


& 
t 


Vou — 


Vo.— 


Figure 6. Fast Page Mode Write Cycle (Early Write) 
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Vw teas Ee 
RAS 
Vi ae 
Va 
es Vi // 
Vin (YY — AA % WY 
AO—A8 +.¢ YY row | (row | Row [X “ yy COLUMN =, 4 XX . ’ J coum | OLUMN coum XX) OK KK \ 


er See’ XXX 


ariel 
— mS . sol ae 
WRITE QO OO? i ae : { 


Vi — XXX) 


Vu OY 


Vin RRR RR Y 00000 y= +0 
D nett fina XX) \ quae BA VALID J OKO KK KX) 


A VALID ey A VAL 
Dour WAL cata XX ted 


ID 
A 
Vo.™ 
hee ml = a = 


Figure 7. Fast Page Mode Read-Write Cycle 


91 


GM71C256 


as Wee 
RAS "" 
Vit ras 
CAS 
tasr tran 
la KX) ————- 4,4°6'4'4'0'0'0'0'00' 06,46, 0'0'0'0'0.0'0.0'0'0'0'0"0'0'6'0'0'4'0'0. 0.00.00. 0.0'0'0'0' 4000" 
AO-AT RAMON row DRAENOR RRO IE 
Vu 
Baie OPEN 
oO” 
Figure 8. RAS Only Refresh Cycle 
— Vin — 
RAS 
Vit —— 
topn 
i as 
— = 
CAS 
— 
torr 
suse 
Dout , OPEN 
Wepeus 


Figure 9. CAS Before RAS Refresh Cycle 
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tac 
ee Viqe= fis 
FS ave aneaar 
Vie _. 
tore a 


os VWw— 
CAS | 
Vu— 
teat 
ot | fe te | LT ee 
pea IB ae Tl 


v AXXXKXXKXXK XX XK va’ CCH TCC CONG, 
RRR 


| Vie NXXX voor (XXXXX) 
no-as |” RANT cow DRY Wt KAKA RAK EXKRRRNE 


XK) 


___. Vin —e NYS XXKKXKX XXX KY “9%; ¢ KKK KKK KKK KKK KKK KK KOK KK X (' 
WRITE PY XRKXXRRKKANNEXNERRXRXEN 


Vy, ARRXOXXOXXKN) 


tore 


V Fey 7 areas 
~s a 
| tow " | | 


Figure 10. Hidden Refresh Cycle (Read) 
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WRITE 


Dour 
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nae a 
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V — LA J UII AAAALA AAAASVYASY 4 VI VV VV SAY 
' in ROOKIE 
c= aY.Va 


an 4,0.0.0.6.4,4,9,0.9.0,9.0,9,4.0,9,9,9,9,0.9,9.0,6,0,9,9,9,9,9,4,0,0,0,0,9,0,0 


a 


Vin — YX XKKK XX LALAS\VA/ ae AORN 


Vi — ORY 0° NEN Sco Salofetatafatatoetoetatattaeseeteetaetalefetao 
[ tox 
Vie BORK KK) as HS AN AAD SASK 
as IN RX RK KX RRA KK AA REA 
a 
al OPEN 
Yo. 


Figure 11. Hidden Refresh Cycle (Write) 


GM71C256 


Vi —RRXKK KK KKK ROO ae 
KOON 
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eee asl 
lai ee fore 
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~ 2 oe 
el "TIE 
1 aes eee 
aoe Vin AOA KRKX KARA Oy Oo 
WRITE" __ OXY KX KKK RLY (= Hanes 
Write Cycle 
Vou | 


Vie RRR NAR AANA I v," 
‘ ¢ 
WATE" SRR SRO RRXRRKN 


Ny 0% 
Vie SOSOOSSO SOOO KKK 


¢ KIO 
PI OER amine Y Meeeeeeeeiclotahes rMaratateretete: 


toac 
Read-Write Cycle a fa 
Vay— 
“ ME ict a 
| tow. 


as 
Vw RAPP AAISY ASMA PAAR APLA AG 
en 0,9, 90,0,0,0,0 0,0 0,00, 0,9,.0.0.0 0.0.9 R055 050550 
WRITE RR |e — “XX ROR 


PE Ee Ve AE ae 


Veo _X~KXKK) COMMU Me 
PN RY aeeteieed 


- Figure 12. CAS Before RAS Refresh Counter Test Cycle 
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PRELIMINARY SPECIFICATION 


Description 
The GM71C464 is a high speed dynamic RAM or- 


ganized 65,536 x 4 Bit. The GM71C464 utilizes 
Goldstar’s silicon Gate process technology as well as 
advanced circuit techniques to provide wide operat- 
ing margins, both internally and to the system user 
The GM71C464 offers Fast Page Mode which allows 
high speed random access memory cells within the 
same row. Multiplexed address inputs permit the 
GM71C464 to be packaged in a standard 18 pin DIP 
The package size provides high system bit densities 
and is compatible with widely available automated 
testing and insertion equipment. System oriented 
features include single power supply of 5V + 10% 
tolerance, direct interfacing capability with high per- 
formance logic families such as Schottky TTL. The 
GM71C464 is ideal for high speed, high performance 
systems such as computer peripherals, control sys- 
tems, buffer memory and graphic systems. 


Features 

©65,536 x 4 Bit organization 

@Fast access time and cycle time : 
(Max) 

eSingle Power Supply of 5V + 10% with a built-in 
Ves generator 

e Performance Range 


80/100/120 ns 


GM71C464(ns) 


PARAMETER 


[wa_| Coluran Adress Aesess Time, 
fe [OyeleTime 


Fast Page Mode Cycle Tim 


GM71C464 


65,536WORDS x 4 BIT 
CMOS DYNAMIC RAM 


e Low Power 
330mW MAX. Operating (GM71C464-80) 
247mW MAX. Operating (GM71C464-12) 
16.5mW MAX. Standby 
e Read-Modify-Write, RAS-only refresh, CAS Before 
RAS Refresh and Fast Page Mode Capability 
@All input and output TTL compatible 
@ 256 refresh cycles/4ms 
e Industry standard 18 pin Plastic DIP. 


Pin Configuration 
18 Plastic DIP 
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GM71C464 


Pin Description 


Vss OV Supply 


Ordering Information 


GM71C464-80 300 MIL 
GM71C464-10 18 PIN 
GM71C464-12 PLASTIC DIP 


Recommended Operating Conditions 


Voc Supply Voltage 45 ~ S.5V 
VIH_ Input High Voltage 2.4 ~ 6.5V 
VIL Input Low Voltage (VO Pin) “1.0 ~ O.8V 


Ambient Temperature Under Bias OPC to + 70°C 
Storage Temperature (plastic) oc cccccccssssssssseesssssee “SS°C to + 125°C 
Votage on any Pin Except VCC RelativetoVSS -1.0V to 7.0V 
Voltage on VCC relative to VSS cc cccscccceeeessee -1,0V to + 7.0V 
Data Output Current oo ccsssssssssssssssssssssssssussssssasusassssensensnsseeeee S0mA 
Power Dissipation: vovvwmoueoevosmuso iiss 1.0W 


Note : Operation at or above Absolute Maximum Ratings can adversely 
affect device reliability. 


(ee A tae eemnrmamanincmaaammmaatinaS 


97 


GM71C464 


DC Electrical Characteristics : (Vcc = 5V + 10%, Ta = 0 ~ 70°C) 
PARAMETER 


VoH Output Level 
Output "H" Level Voltage (lout = -5mA) 
Voi _ | Output Level 
Output "L" Level Voltage (lour = 4.2mA) 


lec1 Operating Current | 80 | 
Average Power Supply Operating Current | 100 | 


(RAS, CAS, Address Cycling: trac =tac MIN) [120 | 


ao 
a 
Standby Current (TTL) 
Power Supply Standby Current 
(RAS = CAS = Vin) 


B 
Cc 
re 
— 
ra 
O 
= 
m 
” 


= 


RAS Only Refresh Current 
_Average Power Supply Current 

RAS Only Mode __ 

(RAS Cycling, CAS = Vin : tac =trc MIN) 


Fast Page Mode Current 
Average Power Supply Current 

Fast Page Mode 

(RAS = Vit, CAS Cycling: tec = tec MIN) 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS = CAS = Voc-0.2V) 


GAS before RAS Refresh Current 80 | 
Lz 
loc7 Standby Current RAS = Vin 80 ra 
AS = Vi C10 
= Enable 24 


Input Leakage Current 

Any Input (OV < Vin S$ 6.5V, 

All other Pins Not Under Test = OV) 
Output Leakage Current 

(Dour is Disabled, OV < Vour = 6.5V) 


csyweol [PARAMETER ———=«OMIN 
i [pat Capac WO-ATOw) 
[Oa [rps Capeiance GS CS. WATE OE | 
cae 


Output Capacitance (I/O; - I/O) 


*Note : Capacitance is sampled and not 100% TESTED. 


GM71C464 


Electrical Characteristics and Recommended AC Operating Conditions 
(Voc =5V + 10%, Ta=0 ™ 70°C) (Note 5, 6, 7) . 


PARAMETER GM71C464-10 
UNIT NOTE 
COA ee 
Random Read/Write Cycle Time 


Ts 

Read-Modify-Write Cycle Time | 225 | | 265° 
Fast Page Mode Cycle Time | 55 | | 65 | 
Ls 


= 
atiis 


” 


YMBO 


= 
E 


Fast Page Mode Read-Modify-Write 
cle Time 


Access Time from RAS 


on 


fee poset rones —[ ap 
[ua [Recess Time For Cotumn Adaress [= [ao [= [| = [| ne 
crx [Foss Time fom CAS Precharge [= [a0 [= [8 | - [| ne 
fore [Output ButerTumotioeay [0] a0 [| [| s0| ne 
[_ [Franson Time (ise andFai)—[—3[ 80 [—3| 0 | 3[_s0| ne 
fee [RASPrechergetine [af [as] [78] = [re 
[wus [RAS Pulse wah || 76000 | 100 76000 | Y20 | 76000 | ne 


RAS Hold Time ee 
(Read or Write Cycle) 

GAS Hold Time | 80] 
GAS Pulse Width 30° 
RAS to GAS Delay Time | 25 | 


RAS to Column Address 
Delay Time 


CAS to RAS Precharge Time 

CAS Precharge Time 

Row Address Set-Up Time 

Row Address Hold Time 

Column Address Set-Up Time 
Column Address Hold Time 
Column Address to RAS Lead Time 
Read Command Set-Up Time 
Read Command Hold Time to GAS 


Read Command Hold Time 
Referenced to RA 


RAS Hold Time Referenced to O£ 


A 7 
Column Address Hold Time from 


Lr 


SH 


RP 
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Aa eat 
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ite Command Hold Time from 
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Pulse Width (RMW) 
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YMBO 


twcH 


rc 


-~ (ep) 
: | 


tcwL © 


100 


(Vcc =5V + 10%, Ta=0 ~ 70°C) Unit : nS (Note 5, 6, 7) 


olin MAX 


Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to GAS Lead Time 
Data Set-Up Time 

Data Hold Time 

Refresh Period (256 cycle) 

Write Command Set-Up Time 

GAS to Write Delay Time 

RAS to Write Delay Time 

Column Address to Write Delay | 
RAS to GAS Precharge Time 

OE Access Time 


Output buffer trun off Delay 
Time from OE 


OE Command Hold Time 


Hold Time 
AS Before RAS Refresh 


OE to Din Delay Time 
GAS Pulse Width (RMW) 
Data in Hold Time Referenced to 


7 


Oo 
4 


EE 


el 


a 
Notes 


1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage 
to the device. 

2. All Voltage are refrenced to VSS 

3. ICC1, ICC3, ICC4 depend on cycie rate... 

4, 

5. 


GAS Set up Time GBR Refresh 


ICC1, ICC4 depend on output loading. Specified values are obtained with the output open. 
An initial pause of 200 WS is required after power-up followed by & RAS cycles before proper device 
operation is achieved. 

6. AC measurements assume tT =5nS. 

7. VIH (min) and ViL (max) are referenced levels for measuring timing of input signals. Also transition 

times are required between VijH and VIL. 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. tOFF (max) and tOEZ (max) defines the time at which the output achieves the open circuit condition 

and is not refrenced to output voitage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-modify-write cycles. 

12. t WCS, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included the data sheet as electrical characteristics only. 
If tWwCS = tWCS(min) the cycle is early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle: If 
tRWD = tRWD(min), tCWD = tCWD(min) and taWD 2 tAWD(min) the cycle is a read-write cycle and data out will contain data read from 

the selected cell: If neither or the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a referenced point only: If tRCD is 

greater than the specified tRCD(max) limit, then access time is controlled by tCAC. 

14. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a referenced point only: If tRAD is 

greater than the specified tRAD(max) limit, then access time is controlled by tAA. 
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GM71C464 


FIGURE 10. CAS-BEFORE-RAS REFRESH CYCLE 


'RP a 'Re 
VW — RAS 
vic a 
‘RPC tecin 


Note: WE, OE, AO ~ A7 = Don't care. 


FIGURE 11. HIDDEN REFRESH CYCLE (READ) 
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FIGURE 12. HIDDEN REFRESH CYCLE (WRITE) 
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FIGURE 13. CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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OBJECTIVE SPECIFICATION 


GM71C1000 


1,048,576 WORD x 1 BIT 
HIGH SPEED DYNAMIC RAM 


Description 


The 71C1000 is the new generation dynamic RAM 
organized 1,048,576 words by 1bit. The GM71C1000 
utilizes Goldstar’s silicon gate process technology as well 
as advanced circuit techniques to provide wide opera- 
ting margins both internally and to the system user. 
Multiplexed address inputs permit the GM7 1C1000 to be 
packaged in a standard 18 pin DIP. This package 
size provides high system bit densities and is compatible 
with widely available automated testing and insertion equip- 
ment. System oriented features include single power supply 
of 5V+10% tolerance direct interfacing capability with high 
performance logic families such as Schottky TTL. 


Feature 
e 1,048,576 words by 1 bit organization 
e Fast access time and cycle time, 80/100/120ns (Max) 
e Single power supply of 5V+ 10% with a built-in Ve, 
generator 
e Low Power 
385 mW MAX. Operating (GM71C1000-80) 
330 mW MAX. Operating (GM71C1000-10) 
11 mW MAX. Standby 
e Output unlatched at cycle end allows two-dimensional 
chip selection 
¢ Read-Modify-Write, RAS-only refresh, Fast Page 


Mode capability CAS Before RAS Refresh, Hidden 
Refresh 
e All inputs and output TTL compatible 
e 512 refresh cycles/8ms | 
e Industry standard 18 pin Plastic DIP/ 20 soT/izipP 


Pin Name 

Ao’Ag : Address Inputs 

RAS : Row Address Strobe 
Dw : Data Input 

D ur : Data Output 

ras : Column Address Strobe 
WRITE : Read/Write Input 

Voc : Power (+5V) 

Vss : Ground 

N.C. : No Connection 


Pin Configuration 


(Top View) 


Functional Block Diagram 


J 
NO. 2 CLOCK 
GENERATOR 


COLUMN 
Ale BUFFERS (10) 
A26 
A3€ SENSE AMP 
ASG VO GATING 
ASO vv9 vry 


Ww 
DECODER 


ROW TT 
ADDRESS 

BUFFERS (10)| _° _) 5 
NO. 1 CLOCK JE 
GENERATOR 


_PRELIMINARY SPECIFICATION 


Description 

The GM71C4256 is the new generation dynamic RAM 
organized 262,144 x 4 Bit. The GM71C4256 utilizes 
GoldStar’s silicon Gate process technology as well as 
advanced circuit techniques to provide wide opera- 
ting margins, both internally and to the system user. 
Multiplexed address inputs permit the GM71C4256 to 
be packaged in a standard 20 pin DIP, SOJ and ZIP. 
The package size provides high system bit densities 
and is compatible with widely available automated 
testing and insertion equipment. System oriented 
features include single power supply of 5V + 10% to- 
lerance, direct interfacing capability with high perfor- 
mance logic families such as Schottky TTL. 


Features 


@ 262,144 x 4 Bit organization 

eFast access time and cycle time : 85/100/120 (Max) 

eSingle Power Supply of 5V + 10% with a built-in 
Vas generator 


GM71C4256(ns 


PARAMETER 


e Low Power | 
95mA MAX. Operating (GM71C4256-85) 
70mA MAX. Operating (GM71C4256-12) 
3mA MAX. Standby 

e Read-Modify-Write, RAS-only refresh, CAS Before 
RAS Refresh and Fast Page Mode Capability 

@All input and output TTL compatible 

0512 refresh cycles/8ms 

eindustry standard 20 pin Plastic DIP/20(26) SOJ/20 
ziP 


GM71C4256 
262,144 WORDS x 4 BIT 
CMOS DYNAMIC RAM 


Pin Configuration 


20 Lead Plastic DIP. 


1 
2 
3 
4 
a 
6 
7 
8 
9 


— 
Oo 


20 (26) Lead SOJ Package 


01 
(02 


20 Lead Plastic ZIP 


CAS 104 01 WE NC A1 AS AS AB AB 


VO2 RAS AO 


OE VO3 Vgs 


RS SERRE SSR SES RT ES ET 5 ITN SET A I TE a SN Be ES SY 
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M71C4256 


_ Pin Description Recommended Operating Conditions 


Access Time 


GM71C4256-85 85 ns 300 MIL 
GM71C4256-10 100 ns 20 PIN 
GM71C4256-12 120 ns PLASTIC DIP 


GM71C4256SJ-85 85 ns 300 MIL 
GM71C4256SJ-10 100 ns 26 (20) PIN 
GM71C4256SJ-12 120 ns PLASTIC SOJ 


GM71C4256Z-85 85 ns 400 MIL 
GM71C4256Z-10 100 ns 20 PIN 
GM71C4256Z-12 120 ns PLASTIC ZIP 


Absolute Maximum Ratings* 


Ambient Temperature UnderBias “10°C to +80°C 
Storage Temperature (plastic) = ss SSC to +125°C 
Votage on any Pin Except VDD Relative toVsg_-1.0V to +7.0V 
Voltage on VDD relativetoVSS -1,0V to +7.0V 
Data Output Current 5O0mA 
Power Dissipation 1.0W 


all lalate Rai ree ee eh et ee eer eee eee ee Eee rere ee ee ee ee eee re 


Note : Operation at or above Absolute Maximum Ratings can 
adversely affect device reliability. 
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GM71C4256 


DC Electrical Characteristics : (Vcc = 5V +10%, Ta = 0 ~ 70°C) 


B 
eS 
z 
B 
Pi 
O 
| 
m 
” 


SYMBOL PARAMETER | MIN 
Vou Output Level 
Output "H" Level Voltage (lout = -5mA) 
Output Level 0.4 
Output "L" Level Voltage (lout = 4.2mA) 


aa Operating Current 85 


Average Power Supply Operating Current | 
lcc2 


VoL 
(RAS, CAS, Address Cycling: tac =trc MIN) 


Eo 


EE 
=) = 
a3 B 
> > 


Standby Current (TTL) 
Power Supply Standby Current 
(RAS = CAS = Vin) 


RAS Only Refresh Current 
Average Power Supply Current 

RAS Only Mode__ 

(RAS Cycling, CAS = Vin : tac =trc MIN) 


Fast Page Mode Current 
Average Power Supply Current 
Fast Page Mode 

(RAS = Vit, CAS, Address Cycling: tec = tec MIN) 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS = CAS = Voc-0.2V) 


Standby Current, Output Enabled 
RAS = Vin, CAS =Vi, Other Inputs > Vss 


Input Leadage Current 
Any Input (OV < Vin S Voc, 
All other Pins Not Under Test = OV) 


EI 
> 


BE 
> > 


ERE 


Co 


PARAMETER , 
Input Capacitance (AO - A8) ae oe 
ee 
Output Capacitance (I/O; - I/Oa) a ae 


* Note : Capacitance is sampled and not 100% tested. 
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GM71C4256 


Electrical Characteristics And Recommended AC _ Operating Conditions 
(Vcc =5V+ 10%, Ta=0 ~ 70°C) (Note 5, 6, 7) 


GM71C4256-85 | GM71C4256- 
YMBO PARAMETER 


Random Read/Write Cycle Time 
Read-Modify-Write Cycle Time | 


Fast Page Mode Cycle Time 

Fast Page Mode Read-Modify- 
Write Cycle Time 

Access Time from RAS | 


tcac Access Time from GAS 


taa Access Time from Column Address 
tcPA Access Time from CAS Precharge 
tcLz CAS to Output in Low-Z 

I 

I 


0 | GM71C4256-12 
MAX 


—s 


NO 
7 
= 
x 
Cc 
< 
—_ 
= 
O 
—_ 
m 
” 


tro 
tec 
trac 


= 
x 
ai 


oat 
5| 8 


oO] oO 
oOo, oO 


ry] | 


torr Output Buffer Turn-off Delay 
Transition Time (Rise and Fall) 
RAS Precharge Time 


RAS Pulse Width 
RAS Pulse Width (Fast Page Mode) 


t 


Ww 
@ 


z 
35,000 | 100 | 85:000_ 


ae] te) 

Di Di wD 

MO} >| \> 

IT} n|o 
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2] | 
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a 
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ye) Ww 


tRAD RAS to Column Address 
Delay Time 
CAS to RAS Precharge Time | 
GAS Precharge Time 7 15 


tcp AS Precharge Time 
(Fast Page Mode) 


Column Address Hold Time 


Column Address Hold Time 
Referenced to RAS 


+ 
@) 
> 
oc 


Column Address to RAS Lead Time 
Read Command Set-Up Time 


Read Command Hold Time 


me 
5 
w 
: 
© 
o 
S 
3 
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o 
oe) 
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tRRH Read Command Hold Time 5 
Referenced to RAS | 

tRRW Read-Modify-Write Cycle Time | 150 . 175 ns 
RAS Pulse Width | 


TTS 


GM71C4256 


(Vcc =5V + 10%, TA=0 ~ 70°C) Unit : nS (Note 5, 6, 7) 


GM71C4256-85 | GM71C4256-10 | GM71C 4256-12 


SYMBO PARAMETER PIN | MAX | MIN] MAX MAX 
wor | MiSaeede ees time | 

ive Wie Command Pues Wah ——| 15 
¢ Write Command to RAS Lead Time 


tow. Write Command to CAS Lead Time 


Data Set-Up Time | 0] 
toH Data Hold Time | 15 | 
tbHR Data Hold Time Referenced to RA 2 


UNIT NOTE 


tREF Refresh Period (512 cycle) 
twos Write Command Set-Up Time 


tow 


OE to Data Delay 


Lo 
mo 
ot 
Le 
Output butfertrun off Delay oo 
a 


‘Ss 


Time from 


OE Command Hold Time 


tCHR AS Hold Time 
GAS Before RAS Refresh 


Notes 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage 

to the device. 
2. All Voltage are refrenced to VSS 
3. ICC1, ICC3, ICC4 depend on cycle rate. 
4. ICC1, \CC4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200 LLS‘is required after power-up followed by 8 Rag cycles before proper device 
operation is achieved. 

6. AC measurements assume tT =5nS. 

7. VIH (min) and VIL (max) are referenced levels for measuring timing of input signals. Also transition 
times are required between VIH and VIL. 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. tOFF (max) and tOEZ (max) defines the time at which the output achieves the open circuit condition 

and is not refrenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-modify-write cycles. 

12. t WCS, tRWD, tCWD and tA VD are not restrictive operating parameters. They are included the data sheet as electrical characteristics only. 
if twCS = tWCS(min) the cycle is early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle: If 
tRWD = tRWD(min), tCWD = tCWwD(min) and tawD = tAWD(min) the cycle is a read-write cycle and data out will contain data read from 

the selected cell: If neither or the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a referenced point only: If tRCD is 
greater than the specified tRCD(max) limit, then access time is controlled by tCAC. 

14. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a referenced point only: If tRAD is 
greater than the specified tRAD(max) limit, then access time is controlled by tAA. 
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GM71C4256 


FIGURE 10. CAS-BEFORE-RAS REFRESH CYCLE 
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Note: WE, OE, AO ™~ A7 = Don't care. 


FIGURE 11. HIDDEN REFRESH CYCLE (READ) 
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GM71C4256 
FIGURE 12. HIDDEN REFRESH CYCLE (WRITE) 
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FIGURE 13. CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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WRITE C 


GM71C4256 


SS SSS Ss SS SSS 


FUNCTIONAL DESCRIPTION 


The GM71C4256 is a CMOS dynamic RAM optimized 
for high data bandwidth low power applications. It is 
functionally similar to a traditional dynamic RAM. 

The GM71C4256 reads and writes data by multiple- 
xing a 18-bit address into a 9-bit row and a 9-bit co- 
lumn address. The row address is latched by the 
Row Address Strobe (RAS). The column address 
“flows through" an internal address buffer and is lat- 
ched by the Column Address Strobe (CAS). Because 
access time is primarily depedent on a valid column 
address rather than the precise time that the CAS ed- 
ge occurs, the delay time from RAS to CAS has little 
effect on the access time. 


MEMORY CYCLE 


Amemory cycle is initiated by bringing RAS low. Any 
memory cycle, once initiated, must not be ended or 
aborted before the minimum tras time has expired. 
This ensures proper device operation and data inte- 
grity. Anew cycle must not be initiated until the mini- 
mum precharge time trp/t cp has elapsed. 


READ CYCLE 


A Read cycle is performed by holding the Write Ena- 
ble (WE) signal High during a RAS/CAS operation. 
The column address must be held for a minimum 
specified by tar. Data Out becomes valid only when 
toac, trac, taa and tcac are all satisifed. As a result, 
the access time is dependent on the timing relations- 
hips between these parameters. For example, the ac- 
cess time is limited by taa when trac, tcac and toac 
are all satisfied. 


WRITE CYCLE 


A Write Cycle is performed by taking WE and CAS 
low during a a RAS operation. The colunm address is 
latched by CAS. The Write Cycle can be WE control- 
led or CAS controlled depending on whether WE or 
CAS falls later. Consequently, the input data must be 
valid at or before the falling edge of WE or CAS, whi- 
chever occurs last. In the CAS-controlled Write Cycle 
when the leading edge of WE occurs prior to the CAS 


low transition, the I/O data pins will be in the High-Z 
state at the beginning of the Write function. Ending 
the Write with RAS or CAS will maintain the output in 
the High-Z state. In the WE controlled Write Cycle, 
OE must be in the high state and toep must be satis- 
fied. 


REFRESH CYCLE 


To retain data, 512 Refresh Cycles are required in 
each 8 ms period. There are two ways to refresh the 
memory: 


1. By clocking each of the 512 rew addresses (AO 
through Ag) with RAS at least once every 8 ms. Any 
Read, Write, Read-Modify-Write or RAS only cycle re- 
freshes the addressed row. 


2. Using a CAS-before-RAS Refresh Cycle. if CAS 
makes a transition from low to high to low after the 
previous cycle and before RAS falls, CAS-before-RAS 
refresh is activated. The GM71C4256 will use the out- 
put of an internal 9-bit counter as the source or row 
addresses and ignore external address inputs. 
CAS-before-RAS is a "refresh-only" mode and no data 
access or device selection is allowed. Thus, the out- 
put will remain in the High-Z state during the cycle. A 
CAS-before-RAS counter test mode is provided to en- 
sure reliable operation of the internal refresh counter. 


DATA RETENTION MODE 


The GM71C4256 offers a CMOS standby mode that 
is entered by causing the RAS clock to swing be- 
tween a valid Vi_ and an "extra high" Vin within 0.2V of 
Voc. While the RAS clocik is at the "extra high" level, 
the GM71C4256 power consumption is reduced to 
the low Icce level. Overall loc consumption when 
operating in this mode can be calculated as follows: 


(tac) X (lactive) + (trx - tac) X (Iece) 
trx 
Where : tro = Refresh Cycle Time 
trx = Refresh Interval /512 
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er 


FAST PAGE MODE OPERATION 


Fast Page Mode operation permits all 512 columns 
within a selected row of the device to be randomly 
accessed @t a high data rate. Maintaining RAS low 
while performing successive CAS cycles retains the 
row address internally and eliminates the need to re- 
apply it for each cycle. The column address buffer 


acts as a transparent or flow-through latch while CAS 


is high. Thus, access begins from the occurrence of 
a valid column address rather than from the failing 
edge of CAS, eliminating tasc and tr from the critical 
timing path. CAS latches the address into the co- 
lumn address buffer and acts as an output enable. 
During Fast Page Mode operation, Read, Write, Read- 
Modify-Write or Read-Write-Read cycles are possible 
at random addresses within a row. Following the ini- 
tial entry cycle into Fast Page Mode, access is taa or 
tcap controlled. If the column address is valid prior to 
the rising edge of CAS, the access time is referenced 
to the CAS rising edge and is specified by tcap. If the 
column address is valid after the rising CAS edge, ac- 
cess is timed from the occurrence of a valid address 
and is specified by taa. In both cases, the falling ed- 
ge of CAS latches the address and enables the out- 
put. 

Fast Page Mode provides a sustained data rate of 
over 18 MHz for applications that require high data 
rates such as bit-mapped graphics or high-speed sig- 
nal processing. The following equation can be used 
to calculate the maximum data rate:. 


512 
Data Rate = —__ 
trac + 511xtpc 
DATA OUTPUT OPERATION 


The GM71C4256 Input/Output is controlled by OE, 


CAS, WE and RAS. A RAS low transition enables the 
transfer of data to and from the selected row address 
in the Memory Array. A RAS high transition disables 
data transfer and latches the output data if the output 
is enabled. After a memory cycle is initiated with a 
RAS low transition, a CAS low transition or CAS low 
level enables the internal I/O path. A CAS high transi- 
tion or a CAS high level disables the |/O path transi- 
tion while RAS is high has no effect on the I/O data 
path or on the output drivers. The output drivers, 
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when otherwise enabled, can be disabled by holding 
OE high. The OE signal has no effect on any data 
stored in the output latches. A WE low level can also 
disable the output drivers when CAS is low. During a 
Write cycle, if WE goes low at a time in relationship to 
CAS that would normally cause the outputs to be acti- 
ve, it is necessary to use OE to disable the output dri- 
vers prior to the WE low transition to allow Data In Se- 
tup Time (tps) to be satisfied. 


POWER ON 


After application of the Vcc supply, an initial pause of 
200 ws is required followed by a minimum of 8 initia- 
lization cycles (any combination of cycle containing a 
RAS clock). Eight initialization cycles are required af- 
ter extended periods of bias without clocks (greater 
than the Refresh Interval). 


During power on, the Vcc current requirement of the 
GM71C4256 is dependant on the input levels of RAS 
and CAS. If RAS is low during Power On, the device 
will go into an active cycle and Icc will exhibit current 
transients. It is recommended that RAS and CAS 
track with Voc or be held at a valid Vin during Power 
On to avoid current surges. 


TABLE 1. DATA OUTPUT 
Operation for Various Cycle Types 


OE Controlled, High 
AE = High-Z I/Os 


eo fog pyoleecra 
Memory Cell 


Bhat Sealy ite 
Cycles 


Fast Page Mode Read ps fro eee 
Memory Cell 

Fast Page Mode Write | High-Z 

Cycle (Early Write) 

Fast Page Mode Read- | Data from Addressed 

uns rite Cycle Memory Cell 


RAS-only Refresh High-Z 


Ret a Data remains as in pre- 
vious cycle 


Refresh Cycle 


CAS-only Cycles High-Z 


PRELIMINARY SPECIFICATION 


GM71C4256A 


262,144 WORDS x 4 BIT 
CMOS DYNAMIC RAM 


Description 

The GM71C4256A is the new generation dynamic 
RAM organized 262,144 x 4 Bit. GM71C4256A has re- 
alized higher density, higher performance and va- 
rious functions by utilizing advanced CMOS process 
technology. The GM71C4256A offers Fast Page Mo- 
de as a high speed access Mode. Multiplexed ad- 
dress inputs permit the GM71C4256A to be packaged 
in a standard 20 pin DIP, SOJ and ZIP. The package 
size provides high system bit densities and is compa- 
tible with widely available automated testing and in- 
sertion equipment. System oriented features include 
single power supply of 5V + 10% tolerance, direct in- 
terfacing capability with high performance logic fami- 
lies such as Schottky TTL. 


Features 


@ 262,144 x 4 Bit organization | 

e Fast access time and cycle time : 80/100/120 (Max) 

@Single Power Supply of 5V + 10% with a built-in 
Vas generator 


PARAMETER 


[x_[ Column Adaress Access Time | #0 | 45 | 55 
fac [CyeieTime =| Y00 | 700 
re [Fei Page Made ice Tine | 65 | 5 


e@ Low Power 
363mW MAX. Operating (GM71C4256A-80) 
303mW MAX. Operating (GM71C4256A- 10) 
259mW MAX Operating (GM71C4256A- 12) 
11mW MAX. Standby 
e Read-Modify-Write, RAS-only refresh, CAS Before 
_ RAS Refresh and Fast Page Mode Capability 
@All input and output TTL compatible 
e512 refresh cycles/8ms 
eindustry standard 20 pin Plastic DIP/20(26) SOJ/20 
ZiIP 


Pin Configuration 


20 PLASTIC DIP 


1 
2 
3 
4 
5 
6 
7 
8 
9. 


— 
Oo 


20 (26) 


01 
/02 


20 Lead Plastic ZIP 


CAS VO4 1/01 WE NC 


O02 RAS AO 


1/03 Vss 
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GM71C4256A 


Pin Description Recommended Operating Conditions 
Address Inputs 
as | Rew naaese Sap 
Column Address Strobe 
Write Enable 
OE Output Enable 
O01 ~ O4 | Data Input, Output 
S 
C 


ae ccc tee meee ee eee eee e reer eee eee es ee as as eseeeseasseswessssssasseserassseesssseseaseseses 


ere: f. Pr ererrrerrre rs COUPE re eee eee cee eee 


VIH Input High Voltage = 2A 8SV 


“1.0 ~ 08V 


wc m ee ec c cee nebo e eee eee ee eee ee Beer erase nee ees esessaassseseeeresnseseseseseEssesenenveTe 


: 


ree. eer Sr rrr ree eee Seek eee eee eee eee 


WE 


Ordering Information 


_ Access Time 


GM71C4256A-80 | 300 MIL 
GM71C4256A-10 20 PIN 
GM71C4256A-12 PLASTIC DIP 


GM71C4256ASJ-80 300 MIL 
GM71C4256ASJ-10 20 PIN (26): 
GM71C4256ASJ-12 PLASTIC SOJ 


GM71C4256AZ-80 400 MIL 
GM71C4256AZ-10 | 20 PIN 
GM71C4256AZ-12 PLASTIC ZIP 


Absolute Maximum Ratings* 


Ambient Temperature UnderBias 0°C to +70°C 

Storage Temperature (plastic) = 55°C to +125°C 
Votage on any Pin Except VCC Relative to Vsg___ -1.0V to +7.0V 
Voltage on VCCrelativetoVSS -1.0V to +7.0V 
NRE 8 VEC TREE 2.88 a 
Dae OUP CUE nnn a» 


FOOD Perea ee ee eB ew ee TER w ee mee ea EES AUST EH TEETH HEE SESE DEO HEHE ERE S EEE EEE HOARE OE EEE DEH OHREK EH eUece REN SH SSEEHSHES ETO SSEAEEES 


Note : Operation at or above Absolute Maximum Ratings can 
adversely affect device reliability. 
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GM71C4256A 


DC Electrical Characteristics : (Vcc = 5V +10%, Ta = 0 ~ 70°C) 


SYMBOL PARAMETER 
VoH 


Output Level 
Output "H" Level Voltage (lout = -5mA) 


Output Level 
Output "L" Level Voltage (lout = 4.2mA) 


loc Operating Current | 66 | 
rhe rower Set a Current | 100 | | 55 | mA 
, CAS, Address Cycling: tre =trc MIN) | 1207 se 


Standby Current (TTL) 
Power Supply Standby Current 
(RAS = CAS = Vix) 


AS Only Refresh Current 
Average Power Supply Current 

Only Mode 

(RAS Cycling, CAS = Vin : tac = tao MIN) 
Fast Page Mode Current 
Average Power Supply Current 


' Fast Page Mode 
(RAS = Vii, CAS Cycling: tec = tec MIN) 


Standby Current (CMOS) 
Power Supply Standby Current mA 
(RAS = CAS = Voo-0.2V) 


CAS before RAS Refresh Current 


loc? Standby Current RAS = Vin (80 | | 5 | 
CAS = Vi rio | [5] ma 
mechan ee 
lhe) Input Leakage Current 
Any Input (OV < Vin S7V, yA 
All other Pins Not Under Test = OV) 
lov) Output Leakage Current WA 
(Dour is Disabled, OV < Vout < 7V) 


SYMBOL | PARAMETER 

Input Capacitance (AO - A8) | 
Input Capacitance (RAS, CAS, WRITE: OE) 
Output Capacitance (I/O; - I/Os) 


* Note : Capacitance is sampled and not 100% tested. 
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GM71C4256A 


Electrical Characteristics And Recommended AC Operating Conditions 
(Vcc =5V + 10%, Ta=0 ~ 70°C) (Note 5, 6, 7) 


SYMBO PARAMETER 


tac | Random Read/Write Cycle Time 
Read-Modify-Write Cycle Time 


tec Fast Page Mode Cycle Time 
tpRMW Fast Page Mode Read-Modify-Write | 110 
Cycle Time : 


trac 
tec 
tRAc Access Time from RAS 
_tcac Access Time from CAS 

Access Time from Column Address 


GM71C4256A-80 GM71C4256A-10 GM71C4256A-12 


= 

x 
Cc 
< 
= 
Zz 
O 
baa 
m 
2) 


= 
E 


< 
x 


AA 
Access Time from CAS Precharge 
Output Buffer Turn-off Delay 
Transition Time (Rise and Fall) 
RAS Precharge Time 

RAS Pulse Width 

RAS Pulse Width (Fast Page Mode) 


Hold Time 
SG or Write Cycle) 


ftcsH GAS Hold Time 
GAS Pulse Width 


RAS to GAS Delay Time 


RAS to Column Address 
Delay Time 


GAS to RAS Precharge Time 


AS Precharge Time 
(Fast Page Mode) 


tesR Row Address Set-Up Time 
Row Address Hold Time 
Column Address Set-Up Time 


Column Address Hold Time 


Column Address to RAS Lead Time 
Read Command Set-Up Time 
Read Command Hold Time to CA 


Read Command Hold Time 
Referenced to RAS 
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GM71C4256A 


(Vcc =5V + 10%, TA=0 ~ 70°C) Unit : nS (Note 5, 6, 7) 


GM71C4256A-80 GM71C4256A-12 
PARAMETER MIN MIN | MAX MIN TOMA UNIT NOTE 


ier__|Refesh Parod iZeyele) = 
twes__| Wilt Command Set-Up Time | 0 
tcwo AS to Write Delay Time | 55 | 
Column Address to Write Delay 70 

RAS to CAS Precharge Time 


[ORR Time [= 
Output buffer trun off Delay 

Time from OE 

OE Command Hold Time 


tCHR AS Hold Time 
GAS Before RAS Refresh 
: , on 
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OE to Din Delay Time 
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Notes 


1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage 

to the device. ; 
2. All Voltage are refrenced to VSS 
3. ICC1, ICC3, ICC 4 depend on cycle rate. 
4. |ICC1, ICC4 depend on output loading. Specified values are obtained with the output open. 
5S. An initial pause of 200LLS is required after power-up followed by 8 RAS Cycles before proper device 
operation is achieved. 

6. AC measurements assume tT = 5nS. 

7. VIH (min) and VIL (max) are referenced levels for measuring timing of input signals. Also transition 
times are required between ViH and VIL. 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. tOFF (max) and tOEZ (max) defines the time at which the output achieves the open circuit condition 

and is not refrenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-modify-write cycles. 

12. t WCS, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included the data sheet as electrical characteristics only. 
If tWCS 2 tWCS(min) the cycle is early write cycle and data out pin will remain open circuit (high impedance) through the entire cycle: If 
tRWO = tRWD(min), tCcwD = tCWD(min) and tawD = tAWD(min) the cycle is a read-write cycle and data out will contain data read from 

the selected cell: If neither or the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a referenced point only: If tRCD is 

greater than the specified tRCD(max) limit, then access time is controlled by tCAC. 

14. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a referenced point only: If tRAD is 

greater than the specified tRAD(max) limit, then access time is controlled by tAA. 
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FIGURE 10. CAS-BEFORE-RAS REFRESH CYCLE 
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FIGURE 11. HIDDEN REFRESH CYCLE (READ) 
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FIGURE 12. HIDDEN REFRESH CYCLE (WRITE) 
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PRELIMINARY SPECIFICATION 


GM53C461 


64K x 4 MULTIPORT VIDEO RAM 


Description 

The GM53C461 is a high speed 65,536 x 4 bit multi- 
port CMOS dynamic memory. The two. ports, ran- 
dom access and serial access, are configured to offer 
optimum flexibillty in graphics and other systems that 
require an interface between a processor and a high 
speed serial data channel such as a CRT or graphics 
display device. 


The organization of the random access port of the 
GM53C461 is exactly like tha GM71C464, a 64K x 4 
CMOS DRAM. Additional functions such as transfer 
between RAM and SAM utillze otherwise unused sta- 
tes of the CAS, DT/OE, WB/WE and SE signals sam- 
pled at the falling edge of RAS at the beginning of a 
cycle. 


The Serial Access Memory (SAM) is organized as 256 
x 4 bits that can be read or written at high speed. 
The contents of the SAM can be loaded into RAM, 
and the contents of a selected RAM row (256 x 4) can 
be loaded into SAM. Except when transferring data 
between one another, the SAM and RAM operate in 
an asynchronous manner. The transfer from RAM to 
SAM or SAM to RAM also refreshes the transferred 
row in the RAM. 


In a RAM to SAM load cycle, 8 bits are needed to spe- 
cify which of the 256 rows is to be transferred. The 
state of the address lines at the falling edge of CAS is 
used to specify the starting point in the SAM where 
data is to be written or read. The static mechaniza- 
tion of the SAM (allowed by CMOS) does not require 
refreshing. The first access to SAM, either read or 
write, will be to the location specified at CAS time in 
the previous cycle, and subsequent accesses will 
continue in an increasing address direction, modulo 
256. 


24 LEAD PLASTIC ZIP 
PIN CONFIGURATION 


TOP VLEW 


Features 


e Dual Port Accessibility 
RAM : 64K x 4 Bit 
SAM : 256 x 4 Bit 
e High Speed Access Time 
RAM : 80/100/120 ns 
SAM : 25/30/35 ns 
e@ Low power dissipation for GM53C461-12 
RAM Port operating alone - 50 mA | 
SAM Port operating alone - 35 mA 
RAM/SAM operating together - 85 mA 
e Low CMOS standby current -6 mA 
eFast Page Mode access, RAS-only refresh, and 
CAS-before-RAS Refresh capabillity 
Bi-directional data transfer between RAM and SAM 
with real-time operation. 
e Bit-masked Write function on RAM port for addition- 
al flexibility. 
@ 256 Refresh cyctes/4 ms 
e Standard package is 24 pin ZIP. 


147 


GM53C461 


SL  —— 


Absolute Maximum Ratings Recommended DC Operating Conditions 
Ambient Temperature Under Bias —_-10°C to + 80°C TAL. Operating Tempe 0 I0°C 
Storage Temperature (plastic) 55°C to +125°C VCC... Supply Voltage 4.5.7 9.9V 
Sie a ie wee oo 
Relative to VSS | | L0Vto+7.0V VIL Input Low Voltage ee 17 0.8V 
Voltage on VDD relative to VSS____ -1.0V to +7.0V 
Data Output Current S0mA 
Power Dissipation 1.0W 


Note: Operation at or above Absolute Maximum _ 
Ratings can adversely affect device reliability. 


Functional Block Diagram 


COLUMN’ 
DECODER 


Wo9/!09 


VO 
WK : W1/104 


COLUMNVO — —_ 


W3/103 


PREDECODER 


1024 COLUMNS 
(256 x 4) 


DECODER 


CONTROL 
TIMING SC 


256 x 4 
DATA REGISTER 


SERIAL DATA 
SELECTOR 


SERIAL I/O 
BUFFER 


ADDRESS 


POINTER 
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_PRODUCT SPECIFICATION 
GM231000 


131,072 x8 BITS 
STATIC READ ONLY MEMORY 


Description — | Pin Configuration 


The GM 231000 high-performance Read Only Memory is (Top View) 
organized as 131,072 words by eight bits an access time 
of 250ns. It is designed to be compatible with all 
microprocessors and similar applications where high- | Ais be Voc 


performance large-bit storage and simple interfacing are 4, 4° . a 
important considerations. i ash i. 

The GM231000: offers automatic power down controlled As 24} As 

by the Chip Enable (CE) input. When CE goes HIGH, the A ; - 
device will automatically power down and remain in a low- i os Aes | 
power standby mode as long as CE remains HIGH. This A, ooh GEcs/GS"* 
feature provides system level power savings of as much Ao 191 O, 

as 80%. Pin 20 can also be Mask Programmec-as a CS Oo 18h} O¢ 

or CS allowing two GM231024 ROM’s to be wired-OR ei 17H Os 


without external decoding. 


This ROM is packaged in industry-standard 28 pin dual- 

ee ON iseeeta : * CHIP SELECT(CS) IS PROGRAMMAGLE 
in-line package and is available in ceramic or low-cost ACTIVE LOW OR ACTIVE HIGH. 
plastic. 


Feature Block Diagram 


131,072 x 8 organization 
Single +5V Supply 
Access time 250ns (max) 
Totally static operation 
Completely TTL compatible : Pace 
Operating current 100mA (max) | DRIVER 
Standby current 20mA (max) see 
Automatic power down (CE) MoArg 
Programmable Chip Select ene 
3-state outputs for wired-OR expansion 

e 28-pin industry-standard DIP 

e EPROMs accepted as program data input 


1,048,576 
ROM ARRAY 
(1024x1024) 


COLUMN 
DECOD 
ms CODER 


Pin Name = ior 138) 
AoVAi6 : Address Input 

OovO7 : Data Output 

CE : Chip Enable Input 

Cs/Cs : Chip Select Input eae 
Voc : Power Supply 

GND : Ground 


COLUMN SELECT 
CIRCUITRY 
(8 OF 1024) 
aa 


Ce nae > (@) 
CE/CS/CS Gaia | 7 


SELECT 
CIRCUITRY 


“es 


GM231000 


Absolute Maximum Ratings Stress above those listed under “Absolute Maximum 


Ambient Operating Temp Van, —10 to +80°C Ratings” may cause permanent damage to the 

_ Storage Temp Vstg —65 to +150°C device. This is a stress rating only and functional 

Supply Voltage Ground Vo, —0.5 to +7.0V Peration of the device at these or any other condi- 

Potential tions above those indicated in the operational sec- 

Applied Output Voltage Voy; —0.5 to +7.0V _ tions of this specification is not implied. Exposure 

Applied Input Voltage Va, -~05to + 7.0y__ to absolute maximum rating conditions for extend- 
Power Dissipation Py 1.0W ed periods may affect device reliability. 


DC Electrical Characteristics: T,=0°C to + 70°C, Voc =5.0V410%, Vsg=OV 


Tsyweou | paraweren _|__conomions [mn [wax [ONT 
Von | Output tion votage | tuw=t.omna— | a | Vee fv 
Ve. | output tow Vote | tn=aama*i|—Sidt oe | 
SO 
SY 
Ta [trot eakage Curent | va=ovioves | | 10 | aa 
The | Outot Leckage Curent | Vorm=0vieVes | | 10 | aa 
Tee | Operating Sunol Curent | note | «dt 00 | ma 
ka |Stndby Suny Gurent | CE=vy—SSC*YSSCS*dCe | 
Tos | Outer Shot Creut Curent | note —*i| «dt ma 


SYMBOL PARAMETER GM231000-25 | Unit | NOTES 
| MIN | MAX | 


a 
a 
thes | hip Seoct Acces Time ———SSSS~*dtSSC*dt 00 me 
a | ouput tow zoey ———SsS—~—~—~—~‘ to | | 
a 


Capacitance: 72 25°C, f=1.0 MHz, Note 5 


SYMBOL PARAMETER | CONDITIONS | MIN | 
en ee eee 
Output Capacitance | Vor=0V | 


\S2 


GM231000 


Notes: 
1. Measured with device selected and outputs unloaded. 4. Output HIGH impedance delay (THZ) is measured from 
2. For a duration not to exceed 30 seconds. CE or CS going inactive. 


3. Output LOW impedance delay (TLZ) is measured from CE or CS going active. 5. This parameter is periodically sampled and is not 100% tested. 


Timing Waveforms — 
Propagation Delay From Address (CE/CSICS Active) 


eis Mies 
ADDRESS 
INPUT VALID ADDRESS 
. taa — 
DATA SSE RSS SERA RRS SESS SER RRR RO “ Cseteels 


err eee ee 
oo ee ee ee 
oe +e eee. 
eee ec eees 


o ° ‘ 
° ° ° 
Soret. .% ooo ece bee PEE PS IEEE IEEE . : 
° #7092 %.9 9 OOO oe ee oo ee eeeere 
00 6 0 se eee '. eee eer eeeveer *.@ VA 
OUT Siegen EE ESUE ne etetestetnets 
77 ee es 2 Sas ‘5 * @ 
Seiki areata ats 


Propagation Delay From Chip Enable, Chip Select or Output Enable (Address Valid) 


tace 


CE 


cs/tS 


DATA 
OUT 


cc —— — — 


Vcc CURRENT 


Iss 
teu tpp 
AC Test Conditions FIGURE 1 
Input Pulse Levels | 0.8 to 2.2V hey 
Input Rise and Fall Times a 10ns 
Input Timing Level 1.5V | 
Output Timing Level 0.8 and 2.0V 1250 Q 
Output Load See Figure 1 | 
Dout 
100 pF 
oe (INCLUDING SCOPE 
AND JIG) 
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PRODUCT SPECIFICATION 


GM231000-30A,31A,32A 


16x16 DOT MATRIX SPECIAL | 
KOREAN & CHINESE 
CHARACTER GENERATOR ROMS 


Description Pin Configuration 


The GM231000-30A, 31A and 32A are standard SPECIAL, (Top View) 
KOREAN & CHINESE character generator ROMs. Each 
device is Organized as 131, 072 words by eight bits with on 
access time of 250 ns. 

They include 8,224 character sets of 16 by 16 dot matrix 
per a character (986 special characters, 2,350 KOREAN 
characters, 4,888 CHINESE characters ,PC256 characters, 
and 6 user defined KOREAN character sets.) 


Features 2 oes 

e Include 8,224 standard SPECIAL, KOREAN & 
CHINESE character sets. 

e PC 256 characters are ordered in two ways. 
(8x16 dot matrix display) 

° 16x16 dot matrix display 

e Row scan display 

¢ High speed access time : 250ns Max. 

° Suitable for CRT display 

¢ Completely TTL compatible 

e 3 state output 

_ © Single +5V power supply 

¢ N channel MOSFET | 


Pin Name 

SAo~SA, : Scan address inputs | Sickie 1,046,576 

L/R : Left right plane selector | DRIVER ROM ARRAY 
AoA 1 : Character address inputs | Cea eh 

CS : Chip select input (Active low) AJ~A,, 

Oo~O7 : Data outputs SA,~SA, 

Vdd : +5V power supply om 


Voss : Ground 


COLUMN SELECT 
DECODER CIRCUITRY 


DRIVER (8 of 1024) 


CS 


v 
Vv, 
OO 
SO 


POWER DOWN 
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GM231000-30A, 31A, 32A 


Pin Description Character Pattern Architecture 
¢ SAp~SA3: Scan Address Input 
SApVvSA3 are 4 bit address Input from CRTC for 
displaying a line of rows. 


e L/R : Left/Right plane selector 
Appoint a left or a right plane 

e Ao’ A;1: Character Address Input 
Ao A; form 12 bit address input, appoint 4,096 

_ Chinese Character sets. 

¢ O ovO7: Data Output | 

Transfer 8 bit data for displaying dot matrix. The 
“1” displays a dot, the ‘“O” displays a space. If the CS 
is high, OgO7 are in High-impedance state. 

¢ CS: Chip Select Input (active low) 
If the CS is high then the ROM will be in low power 
standby mode operating. 

e Vdd: +5V Power Supply 

e Vss: Ground. 


Output 


[07]0s]s]O«]Os] 02], ]Oo]O7]OsOs]0.] 03] 0-[0;]Oo 


|| i | , . 
15 EE EERE EE 


Note: [J Output Data “1” 
Typical Application (J Output Data “0” 


GM231000-30A 


aa | 


 cecciacantcinsel 
A, (6:9) 

GM231000-31A 
GD74LS155 — 


le 


TO SHIFT 
REGISTER 
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_GM231000-30A, 31A, 32A 


Absolute Maximum Ratings Stresses above those listed under ‘“‘Absolute Maximum 


Ambient Operating Ratings” may cause permanent damage to the device. This 
Temperature Take —10 to +80°C _ isastress rating only and functional operation of the device 
Storage Temperature Ts;, —65 to +150°C at these or any other conditions above those indicated in 
Supply Voltage to the operational sections of this specification is not implied. 
Ground Potential Vdd —0.5 to +7.0V_— Exposure to absolute maximum rating conditions for ex- 
Applied Output Voltage Voy; —0.5 to +7.0V tended periods may affect device reliability. 

Applied Input Voltage Vj, =O 5 10 7 0V 

Power Dissipation Pp 1.0W 


DC Electrical Characteristics; T,~=O° to +70°C, Veg=+5V + 10% 


sect panaveren | restcowomon [ww [wax [oT 
va | Stratton | turdame | | oe | 
a 
[meow vate ese | 
eT rete nen varoveves [| | om 
to [ovate Gren | von=ov vee [| 1 | A 
ts [eer Sis row [news || 00 | A 
a 


AC Operating Characteristics; Tj=0° to +70°C, Vgqg=+5V + 10% 


SYMBOL PARAMETER | MIN 
Address Access Time aa 250 
[tox | Ovtout Hott ator Across Ghange | 10 


— 


AA 


| 
Notes 


1. Measured with device selected and outputs unloaded. 4. Output high impedance delay (THZ) is measured from CE going inactive. 
2. For a duration not to exceed 30 seconds. 5. This parameter is periodically sampled and is not 100% tested. 
3. Output low impedance delay (TLZ) is measured from CE going active. . 
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GM231000-30A, 31A, 32A 


Capacitance T,=25°C, f=1.0 MHz, Note 5 


| SYMBOL PARAMETER CONDITIONS } MIN |) MAX | 


Timing Waveforms 


‘SAoSA, 


7 (} Valid Address Valid Address 
A~A,, ™ 
cE 
tres 
taa 
High Imped 
Output 


liz 


AC Test Condition 


Input Pulse Levels 0.8 to 2.2V 7 
Input Rise and Fall Times 10 ns 
Input Timing Level 1.5 V 12502 
Output Timing Level 0.8 and 2.0 V 
Output Load See Figure 1 | Dour = 
i a ie 100 pF 
| 775Q (INCLUDING SCOPE AND JIG) 
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GM231000-30,31,32 


Memory Allocation for SPECIAL KOREAN & CHINESE 1Mb Mask ROM 


30A-1 | 30A-2 | 30A-3 | 30A-4 
31A-1 | 31A-2 | 31A-3 | 31A-4 
32A-1 | 32A-2 | 32A-3 | 32A-4 


GM231000-30A 


Character Allocation Table: 30A-1 


A 0/0]0/0]0]o/o}ofo]ofofofoofofofofofo[ofofofofo[o[o[ofo[ofofojo 

As|0]0]0/0/0]0]0]o{0]0]o]ofofo[ofolololololofofofofolofofo[o[ofofo 

A{Olo}olofolojojojojofofofofofofolafyfaiafafaiafifs [atts [staf s | 

mlofofofofofolotors|stetstst sets Tofototofolotorer tara P TTT 

40/0] 0/0] 1] 4] 4] + folofofo]+]1{1]1[ofofofol afa[s[sfofofofolata[ +4} 
1 


Ao Of 1] 0} 4) 0} 1/0/41 {0} 1] 0] 1[o} + 
ay aTa[a Nol 1[2[3]4[5[6|7] 3] 9frolr1fra|rafralis|1 afi 7 ali ol2o|2 [22|2alza)asi2elar|zelao|a0|ai 
Oto} fof Of eetent eet eran oa $8 |] HB wn | 22/1] ba | 49 oe [us [oo 

i A Sea ea eee ee 


bald 
1 a 
ola data ts ali ied scaacaageacaeey 
0 [0] 1 [Oo | 466] 66 8a] 4a] aa | 88) oo 66] se] e/a] 78] Ti [a] AA 86 60 | 6 ii | yt] UU] ee] 26] ee] RR £7 
Sol tol eT iE ede | i eT TT 
TT | 


raahahatateat etter te 

yt 5) |b] a] |b a | |] | | Dg 

Ea bp ee ee ee a ef ef 

fo [+ [© (rol be || [0] 0b ba Ba Ba] 7/00/00 a ba] ba a ba) i 
fs JO] 4 [4 [1 1] Ba] a] Ea Ea bl | bl] | Oa | Dl | 

0 [4 | 4 [0 [0 [12{ ba a] | ba ba ba | bal Ba] | |b | ba | b/g] bg 
ORO REE Recep babdblbbdbdbbbabs 
eee Onecare are 


ola} {4 [4 [15] by) ba baba} a1 ba ba] ba] ba] baba] ba fe 
+ ploloofeat ala alalalalalalata atalatale ae IoEIo Ho Io Io 
1 10} [0 | + [17{ a xt baba | be] Ba] a || Bx |b Da] a] | 0 | | |b BN] DQ Dg] | 

ENNGEN CN ee 
4 JO] ] 4 | + [19] ba ba] |b bl | bt] || Be] |e) x | et |] || Da] a Oi] Da] || Da] | | | 
RR ee ee ee a ee ei 


GM231000-30A 


Character Allocation Table: 30A-2 


[fo [o[o[ofo]o]o] oo [o[ofofofofofofofofofofofo}ofojolojojofofojojo 
CSE ED OO DD DD 
A{ofololofofofofofofofofofofofofo] sf a] af af af afr sis iat staf apt i 14] 
— [wfofofofofofofofol+fs{s{s[s[s[a[sfofofofofojofofo} a] a] +] 1] 1] 1] 4} 4) 
ofofofola]+{a[+fofofofol]+]+f1]sfofofofofs]+}1{+fojofofojs{+}1} 1 


faofo[ sol +folsfo[+fol+ [ols fol +fo[1fo[ +o] 1{o] +o] 1{o] 1 Jo] 1/0] 1 Jo} 1 | 
[Aol Ao] As] Ar \ [32[33]34]35]36|37]38|39/40|4 1]42143]44]45|46|47|48]49[50)51[52)5915.4|55|56|57/58|59160] 61/62/63 
[of o] of fo] o [ea] a] a] ba] a] ba] | ba | ba aba] Da] ba] Da] ba ba] a ba ba ba] ba ba ba | ba Ot ba bb 


fofof rfofof + (5a) aff exhale fe [e lal A| ze] 2x] 26] 0 | | |wrl 2 

SO i i eT 
ofols | + foe (eT Trt Ff | eds [2 EL er a [ee ie] ds 
ofo] | + [17 [Oat] mal atl [ie] col tl cl ok] a] fran sanfmn| cnn] ff] a | mk || cal eal dB] 6 | | ps 
fo] + [ofolo]s [bale] bl alr] i) t0/h] Lt | a]cel ob] t[p |X] 9/0] 6] 9/6] 0/5/0]3|e]/o/6/0/ 6/9) 
ol + fofol[ 1] 9 [baje[ ala] nl i [is[x] +] x[olels [ple] on] a/v] o]e/o]u| 6/0] a] a] a) ©] a] oa) 
of fol 1 fofole] s [sl uleys [54 [zfs Bl aaa sec le ea LCs] y eee] ee 
C7) OD 0 ee 2 Pa a EAP ed a ed Pa Ed 
of i]s folofi2[alalB [Bir [nee [x] 3[M[A[K [M/A [Om P|C]T|y|o |X| Uf 4 ||) [bl] b | > 
DRO Meeks b eee bb ee ed ed ee ed ed ed ee ed ed ed ed ed el od 
Oe a eee ee STE a lETaree 
Ola] 4] 1] 4 [15] Ro] ba] ba Ba] ba ba ba] ba ba] ba 2a] 24] 24 24] |] ba | 44/4] od od | | 0 OO 
[1] o]o]ofo]e| malt] =f zy zt] a zt] at] a 2b] abl 2 22] 2a] | a] a a | aa a) 2 2a] a 
sfofofo] |r 7[ba] a a] 2] 2] a] a] a] 3] a] 3] al] aa ala a2 2 [2 el ele] else] ela aa 
sTotofsfs oat ata stata aoa ata otatatara aha Spr oaarata ta 

19 ? ? 

i{o]1]o}oj2ob) x] &|5[e elses + Slelelelsls|zls] HA eS ele als el sas 
1 LO] 4 fo] s | 2 aT] S| SY Sh || AY ay Ty kee] AY STS | LS |S EELS ae LES 
fol 1] 1 [of2apbay er] ss] Sys] SU en ale eee eee eae saa 
11] 4] 4] 4 [23]be] aml] alo] apa ee] lee tse sla Ss Se also i salsa ais aise 
i{1Jolojol2able Sle; SE SS S/F S/S] El Sle] S113] st] ob let] el ee ey Sata a 
ifr jofo}s [2sjbye aie |e a eee 27/5] a] Fle] 2/5] 2/5/3123] 2] s] A 2) a8 2a 
1 {4 JO] 4 [oO fee] bape eon a es a fe ea ee ea eS De fe ee S| 
Se eee at rtetattt etree aratarieta atiailetaeantiatity 


BEBE GUCOHCEGE CRAKE BEECH aaaC 
GM RIRIENCICICIRICICICIGIGICIEIEICIEIFIEICIEIEIEIEIEIEIEIEICICICICICICICA 


SIE 
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GM231000-30A 


Character Allocation Table: 30A-3 


0/ o[0 [0] 
BOODORDEE 
mtotol ti fofoti fh 


000 STI BS loa 2a Ca ba ba] a Baba] Da] Dal] Dag Da] FI 
SEES SER eBUMAGREECEE cope acae reece 
010/0}1 ]o]2 [4] ¢|] ©] o[m[ss/m/ c/s ma] slalalapr(sit lei ep Plalela 
ojojo|1{1{3f@ja|B/CiD/E/F [Gla] T/s/K[L[M[N[o[P[aiR[s|tlulyla[xiy|z/ cpa] “| 
OOROOZLRLIEIEIRIE) Af Al or] |] TT [ue fecfuaftalen ler [ew 


MERI GEE ea] 25] 09] 0 
ST Tepe ateateL Tear tof me ET oe ol Bll 
fofofs + fole[ Fata PFT" tel el Sel H FHI ciate Pee ELT 
ols alsaaniaatsalascecea ca neeaaneece 


7 


AOR EIIE 
ofo| fol alata at gla] ats atal a ala stat aala[ [el ale siz/sts1sl sisal 
ot fables ala Ss eg Tat STUAPIRP aH Te 
r[olrlolsivatelutetglalaaetatyatetelste ayers 


alae 

PETE rare 
Dee EBACE) 
BEOOR ZOE EBSA Ogee eee 
fol fos elas eee eae alee Aare Ua Tele late 
DIE I CIEE 21S] 7/5212 (81 e13 Feel S/S SP 
1) ola laT aaa a a aaa eee 616) 21S] e/4}/4 

2 AE IEIIEIE! tatty a) 


GM231000-30A 


Character Allocation Tabie: 30A-4 


= 


— 


— 


tat 


ttt 

ol o} + 

BORD ODE 
ERELUKBECELEEE 
24] 8] ba] 2a] a] ba ba] | ba] a ba a O 
BHROUGEREEEEREARa 
ea 2] Da 2a] |b] 2a] | bl Ca a 


1 


fi 
a 
0| 0 
0 EL 
0 aS 


4 
i 
0 
a 
[0 
1 


1 
Ly 
0 
1 
0 
0| 
i 


A010} 1 | 0| 
[Av] An Ae] Ae A»[\J96]97]98]99|100}1011102 
0} off of of o | ba] ba] a] ba} ba] | ba ba) bb 
ofofofols]s [oj m)sfalol vale] tf alo 
0] 0} 0] 4] 0] 2 [No} co} rtf an] em Tlf ba] ba] Ea] ba] bx ba bd 
ofojol+ {13} ‘falbicldle|Fla[h] ij kit 
DOBRO CER COCKE ERRE EES all vt] =| 
olifo]ifsfeatatefrtatet stare} fet autet Slotted ote ot ofa ut ota eet eet ad 
of of 4 [1 [of 6 He Ele] ] [ba] | ba] | ba] | ba] | ba | a a a | Oe) | Od 
Of oft [4 [4] 7 [ectfas| odor [Pitre] or Wo] tmx] Bef Gu) | lO 04] ba] D4] bab] |b] | bab ba) bl bl 0 
oe a ee eS ee ee ee eee 
LO] 1 [of] 1 [9 fee] ca] ea] er] oa] ca] ca] | 2] a] @] | ca] ca] oo] «of oa] a} eofes] * | * |? [* |" | fad | | 
QAR ADEE BORA BBBMBARBAGALEclcia esl 
oD ED CO) ECD PN 0 EE Pa ee ed ee 
lofi fafofofi2fofnfatelrty le] x {ul sf] ur] s | af | s {ro | x {Oba bubba ba] bal ba a] bx] bx Ob Od 
OL 4 {+ fo] + +360] ]b[ a] a] Ox] bx |r| Oa] | ba || Ba ba |b] be] ON a | ba] || bl | a] 
ORR OD Ebb eee bled al eal el sl el el es el es fe os sl 
O44 | 4 | + [1 5]0| Oa |B] 4] |b] 0] Ba] ba || ||| || 2] ||| 2] od || ba] 
ce eS RSS ee a aap 
Lt fofofols fiz} {aya ay zt ala aaa a tf aT aa a ae ae ae ae 2B Pe 7 
-olets[oreke| ar xlaTa aa ATs eta alas ale al ast ate ate ate ste 
Be gee SS ES ee ee haa 
tfo]s fofolaoferfer ex PsP aT ys a [a Tas [ayaa alae FIRIEIL 
rrtot tots tet a erste ee ere re ee Se Per erolaalarars alee 
1/O]t | 1 O22tS EES SS] See eee eee eS eS SS 22S e 12/9 1h 
1/o]1|1] 1 [2a] Slee S [eS] FSF S/S [S[z[ Sle iR ia ase ele ee a Sele] 8] o/h) 
BORER 


—- 
S oars Bee te (a ear (een Oe ee eck | mek 
—— 


eels lealvielel=lol=[-lol= =| 
Ca} 8 [ea] | 


= —s och, oh eds —s 
| 3[5 [eal a]ea} Sl o|=|=|-[o]=|=| 


1O | 

ol pte tea 
ro 
2 
2 
ie 
ei 

x [oil <| 

ele le [elo 

© | Bel fe 
ee 
LN 
Eas 
| 
el 

cajeg 


AAA EI EIEIPIEIEIEIPIFIEIBIEIEIEIEN 4 
GRRE ECE B GS Cac EERE EBBELICIECICCEICICI 
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| | GM231000-31A 


Character Allocation Table: 31A-1 


Ae} Of 110] 4 [0] 1] 0} 110} 1]0] s/o] fos [of +] of sfof+{of s[of 4 [of] 
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QUALITY ASSURANCE MANUAL 


1. INTRODUCTION 


In recent years, advances in intergrated circuit have been rapid with increasing density and speed accom- 
panied by decreasing cost. To meet these advances, there are three basic ingredients in the manufacture of 
reliable integrated circuits. 


First, The device must be designed with the user’s applications and reliability reguirements in mind. Secondly, 
The device must be manufactured with the optimum technology for the application. Thirdly, Controls must be 
established to assure maintenance of the quality/reliability levels. GoldStar Semiconductor has a Quality Assurance 
System and conducts extensive reliability testing to supply it’s customer’s needs. 

This report presents Quality Assurance System and Reliability test results of GoldStar Semiconductor Com- 
pany Products. 


2. QUALITY ASSURANCE SYSTEM 


To ensure that customers are satisfied with the products that are supplied, quality assurance programs are 

used at both the design and manufacturing phases, focusing on the following points: 

(1) Inthe development stage, reliability is designed into prdoucts. A through evaluation of reliability is perform- 
ed to ascertain whether the design will lead to the desired quality and reliability. 

(2) Efforts are made at the manufacturing stage of quality control to assure that quality and reliability are built 
into products. Intermediate, final, and quality assurance inspection are used to verify that the desired quality 
and reliability have been achieved. 

(3) Information with regard to quality is fed back in a timely manner so that the required corrective action can 
be taken by quality assurance personal. 


2.1 Quality Assurance at the Development Stage 
It is not an exaggeration to say that the fundamental quality and reliability of a discrete semiconductor device 
or an intergrated circuit is determined at the design stage. Thus, to eliminate design problems and provide 
design improvements while attaining the desired quality and reliability, design reviews are performed on pro- 
totypes assure product quality. Particularly in the case of intergrated circuits, breadboard models of the circuit 
using standard components can be an effective means of evaluating the required characteristic and quality. 
In addition CAD technology may be used to aid in the design of circuits and devices based on design standards. 


Between the development stage, and mass production, there are two steps of prototype and preproduction 
(trial mass production). 


At the prototype development stage, new theories, technologies and concepts are used by the development 
department to design and produce a new product. To determine whether the desired goals for characterstics, 
ratings, and reliability have been met, primary type test is performed at this stage. Based on these results, 


through investigations are made by both the engineering and quality assurance departments. Should product 
deficiencies arise, inspections and failure analysis are performed to enable improvements of the development 
prototype. 


At the pre-production stage, the production department produces sufficient products having quality equal to 
or superior to the prototype. At this stage, secondary type test is used to verify quality. The required product’ 
specifications, operation instructions, drawings, etc, are produce at this stage in addition to the required manufac- 
turing facilities. 


2.2. Quality Assurance at the Mass Production Stage 


At the mass production stage, the production department takes over production of product based on produc- 
tion planning. To maintain equal or better quality than that obtained in previous stages, careful control of materials 
purchasing, production processing, environment and facilities is performed. In addition, in process inspec- 
tions and final inspections provide the required information with regard to partiality completed and completed 
devices to assure overall quality. 
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Control of Materials Purchasing 


While the responsibility for quality of individual materials purchased from vendors based on materials and specifica- 
tions is that of the vendor, the corporation provides data from incoming inspection of sampled products as 
a means of monitoring quality and assuring materials quality. Selection of vendors is made adopter an investigation 
of quality control and assurance system, management, facilities and production capacity of the vendor, placing 
heavy emphasis on quality. Next, a meeting is held with the vendor concerning the purchase specification, 
and prototypes or sample evaluations are used to verify quality at the beginning or a purchase cycle or after 
a change in manufacturing method or specifications. 


When a material is put into warehouse incoming inspection section receives COC (Certificate Of Compliance) 
and COA (Certificate Of Analysis) from vendor and evaluates the material according to above two documents 
authorized by issued material and incoming inspection specification. 


2.2.2 Control of the Manufacturing Process 


To prototype products of high quality in an economic manner, quality must be built-in at the manutacturing stage. 
To do this, work is carried out in accordance with specification controlled and control charts are used to control 
those aspects of manufacturing that could affect quality. 
For example such information as the purity of DI water and chemicals, gas flow, atomosphere, equipment calibra- 
tion, particles emitted equipment is recorded. . 


Inprocess inspections and final inspection are performed to evaluate product quality including outward appearance, 
dimensions, structure, aswellas mechanical and electrical characteristics. The data obtained by.such inspec- 
tions is fed back to earlier processes to maintain and improve product quality as well as reduce variations in 
these areas. When is out of quality control inspection specifications, that run is scraped to maintain quality specifica- 
tion. Wafer processing and assembly inspections is performed, and each contributing to the concept of building 
in quality at the manufacturing stage by providing self checks and the inspections performed by the quality con- 
trol department. A final inspection of all products is performed to verify electrical characteristics as well as out- 
ward appearance of products. In addition, to improve product quality uniformity, debugging is used as a means 
of eliminating products which to not meet quality specifications. Again, data from these inspections are useful 
in quality control. 


Products which have passed final inspectin are then subjected to quality assurance inspections. This is a form 
of overall inspection from the standpoint of the end user and is used to the end user and is used to accept 
or reject products on a lot basis, including tests of outward appearance, electrical characteristics, thermal and 
mechanical environment, and endurance. As an additional control test, samples are made periodically for evaluation 
of reliability. 

These tests include those of electrical characterics, thermal and mechanical environment, and endurance for 
long periods of operation. 


The information on quality obtained by such quality assurance inspectins is fed back in a timely fashion to the 
related department, enabling the maintenance and improvement of quality as well as providing a means of predicting 
product quality in the market place. 


2.2.3. Environmental Control 


In the semiconductor industry, the environment plays a large role in influencing product quality and reliability. 
Control levels for dust humidity and temperature are set and rigidly maintained. 

The gases or water used in the production plant are carefully controlled to ensure high level of purity. 

The items periodically checked by quality control are such as fabrication atmosphere, equipments, chemicals, 
air flow and the temperature, resistivity bacteria, particle, contaminations total organic carbon, silica etc. related 
to DI water. 

The control of particle and temperature is particularly impotant in reducing manufacturing defects and improving . 
quality and reliability. For this reason the corporation places heavy emphasis in this area, providing strict con- 
trols of working conditions and periodic checks to verify that these are being maintained. 
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2.2.4. Control of Production Equipment and Calibration 


2.2.5. 


2.2.6 


The semiconductor industry is an equipment intensive industry having adopted a large variety of auitoiiatie equip- 
ment and high performance facilities to provide uniform high quality. 

The control of such equipment and instrumentation is extremely important in the manufacture of devices. For 
this reason to eliminate loss of accuracy and equipment failures, periodic preventive maintenance calibrations 
are performed. 


Calibrations are performed to all measurement equipments and classified into self performing calibration and ex- 
ternal official calibration performed by certified public authorities. The self performing libration is periodically 
performed by standard sample comparable with NBS (National Bureau of Standard) and the external official calibra- 
tion is performed by inserting the standard cell into the measurement equipments to know whether the equipments 
are in good quality condition or not and if they aren’t in good condition they need calibrating. 


Control of Specification & Documentation 


Such procedure as equipment operation, maintenance, all process procedures and all materials, and the other 
works related to quality is defined by specifications. 

The specification documents are defined, controlled, authorized, distributed, released, and are audited by quality 
assurance section. | 


Training & Audit 

In semiconductor manufacturing one of the important factors is man power. All operators related to quality directly 
or indirectly are periodically trained by engineers/supervisors, and they are also trained when the processes 
or procedures are changed. 

All records are preserved. Each process are contains only the members who are certified by training and qualifica- 


tion evaluation. 


Quality assurance section periodically audit fabrication area, to know whether all specifications are kept or not. 
All audit records are noticed to production department a corrective action is made and fed back to each pro- 
cess area. 
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** Process Evaluation System In Wafer Fabrication ** 


| PROCESS =—|_— EQUIPMENT EVALUATION PROCESS EVALUATION 
W/F INPUT Resistivity, Thickness, Defects 
Documents, Visual inspection 
CLEANING Particle check Thickness 
Visual (Particle) epecion 


Particle check Field/Total Oxidation Thickness 
OXIDATION Temperature check Visual Inspection 
— C-V test 


Mask: Defects 
Patterns 
Particle check 
Aligner: Focus, 
Distortion 
Resolution 
Coater: Photoresist 
thickness 
exhaust 


PHOTO- 
LITHOGRAPHY 


CD check 


Development Inspection 


Temperature check 
C-V test 
Particle check 


Particle check 
V/l check 
Utility check 


IMPLANTATION 
Particle check 
Utility check 


SPUTTERING 
| C-V test 
Temperature check 
: ETCH | : Particle check 
| Uniformity check 


PARAMETER 
— TEST 


Sheet Resistivity 
Diffusion Depth 


ION 


Thickness, Rs (or V/I) 


Thickness, CD Check 
Visual Inspection 


Contact String, Sheet Resistance 
_ Threshold Voltage, 
Breakdown Voltage 
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STANDARD ASS’Y FLOW CHART OF GSS 
[row cwer—[ process [SC row 


Wafer 
Foil Mount 


Wafer Sawing 


Q.C Monitor 
* DI Water _RESISTIVITY 
* Visual oO VISIUAL 


Die Bond 


Q.C Monitor APPEARANCE 


* Visual STRENGTH 
* Die Shear 


Wire Bond 


Q.C Monitor 
* Visual 
* Bond pull 
* Crater 


APPEARANCE 
APPEARANCE, STRENGTH 
CRATER 


3rd Optical Insp. 


Q.C 3/0 gate APPEARANCE. 
* Visual 


Molding SPRIAL FLOW 


Q.C Monitor 
* Visual APPEARANCE 


* X-Ray Monitor X-RAY INSP. 


Deflash/Trim/Form 


Q.C Monitor APPEARANCE/DIMENSION 
* Visual/Dimension 
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Solder-Dipping 


Q.C Monitor 

* Temp of S/Bath 
* Sn in Solder 

* Solderability 


4th Optical Insp, 


4th O/Gate 
* Visual 


Temp. cycle (Option) 


Mark & Cure 


Final Visual/Mech. 


Initial Class 


Burn-In (Option) 
Final Test 


Q.C Final Gate 
* Visual 


* Electrical 


RELIABILITY TEST 


* LIFE TES 
LTPD: 5% 

* 85/85 TEST 
LTPD: 10% 

* PRESSURE POT 
LTPD: 10% 

* THERMAL SERIES 
LTPD: 10% 

* LEAD INTEGRITY 


LTPD: 20% 
* PHYSICAL DIMENSION 
LTPD: 15% 


TEMPERATURE. 
% OF Sn 
APPEARANCE 


APPEARANCE 


APPEARANCE 


ELECTRICAL PARAMETERS 
* D.C & SPEED 

* FUNCTION 
ENVIRONMENTAL TEST 
MECHANICAL TEST 

AND ENDURANCE TEST 
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FLOW CHART PROCESS TITLE | QC POINT 


* RESISTANCE TO SOLVENTS 
LTPD: 15% 

* SOLDERABILITY 

LTPD: 10% 


Packing 


Q.C Pack Gate 


Ship 


* ESD MONITOR 
(ALL PROCESS) 


3. RELIABILITY TEST 


3.1 Principle of Reliability 


The fundamental principles of reliability engineering predict that the failure rate of any group of devices as a func- 
tion of time will follow a curve similar to Figure 1. The curve is divided into three regions: Infant Mortality, Random 
Failures and Wearout Failures. These regions describe the principal classes of failure mechanisms encountered 
in that portion of the life of a device. 


Infant Mortality represents the early life failures of a device. Failures in this region are usually associated with 
one or more manufacturing defects. After some period of time the failure rate reaches a low value or the Random 
failure portion of the curve that represents the useful portion of device life. Infant Mortal failures are eliminated 
prior to customer shipment by high voltage cell stress, HTRB and reliability screen testing. (Baking Temp Cycle, 
Burn-IN) 


Wearout failures occur at the end of the device’s useful life and are characterized by ripidly rising failure rate with 
time. This does not occur before hundreds of years for integrated circuits. 


Associated with each portion of the curve are specific failure mechanisms. These failure mechanisms have been 
extensively discussed in the literature 


P (%) 
Infant Mortality Wearout 


Steady State 


TIME. t 


Figure 1. Reliability Life (Bath-tub) Curve 
a SS SS SSS SSS SSS SSS SS 
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3.2. Reliability Test Items and Conditions 


Qualification and quality conformance inspection procedures for all memory devices of the corporation are followed, 
these procedures assure that the device and lot quality conforms with the requirements of the applicable procedure 
document. The full requirements of group A. B.C, and D tests and inspectioins are intented for use in change and 
periodic testing for retention of qualification. Group A and B tests and inspections are performed for quality confor- 
mance inspection on individual inspection lots as a condition for acceptance for delivery. Group C and D tests are preformed 
for quality conformance inspection on a periodic basis as a condition for acception for delivery. 


|. Group A: ELECTRICAL TEST 


TEST ITEMS MIL-STD-883C GOLDSTAR SEMI 

1. STATIC TEST LTPD 2: S/S=266 
(AT 25°C) | C=2 

2. STATIC TEST | LTPD 3 : S/S=176 
(AT MAX. OP. TEMP.) C=2 


| 3. STATIC TEST LTDP 5 : S/S=105 
(AT MIN. OP. TEMP.) C=2 

4. DYNAMIC TEST LTPD 2 : S/S=266 
(AT 25°C) _— C=2 


: PPM:400 
5. DYNAMIC TEST LTPD 3 : S/S=176 ~AQL=0.04% S/S=315 
(AT MAX. OP. TEMP.) C=2 C=0 


7. FUNC. TEST LTPD 2 : S/S=266 
(AT 25°C) C=2 

8. FUNC. TEST LTPD 5 : S/S=105 
(AT MAX. MIN. OP TEMP.) C=2 

9. SWITCHING LTPD 2 : S/S=266 

(AT 25°C) C=2 | 
10. SWITCHING LTPD 3 : S/S=176 
(AT MAX. OP. TEMP.) C=2.. 


6. DYNAMIC TEST LIPD 5 : S/S=105 
(AT MIN. OP. TEMP.) C=2 
41. SWITCHING 
(AT MIN. OP. TEMP.) 


LTPD 5 : S/S=105 
C=2 
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METHOD | MIL-STD-883C GOLDSTAR SEMI 


2016 n=2:c=0 
-LTPD 15% S/S = 15 


ll. Group B: PER LOT 


TEST ITEMS 


. PHYSICAL DIMENSION 
. RESISTANCE TO SOLVENTS 


| C=0 
. SOLDERABILITY TEST LTPD 15% S/S = 15 LTPD 10% S/S = 22 
C=0 C=0 


4. INTERNAL VISUAL & 
MECHANICAL 


n=1:c=0. n=1:c=0 


. BOND STRENGTH LTPD 15% S/S = 15 LTPD 15% S/S = 15 
| C=0 C=0 
6. SEAL FINE LEAK LTPD 5% S/S = 45 LTPD 5% S/S = 45 
GROSS LEAK C=0 


7. A) ELECTRICAL PARAMETERS 
B) E.S.D CLASSIFICATION 
C) ELECTRICAL PARAMETERS 


=15:c=0 LTPD 10% S/ 


S 
C 


Ill. Group C: PERIODIC : DIE-RELATED TESTS 


TEST ITEMS METHOD MIL-STD-883C | GOLDSTAR SEMI 


1. A) STEADY STATE LIFE TEST 1005 AT 125°C : 1000 HRS AT 125°C:1000 HRS 
B) END POINT ELECTRICAL LTPD 5% S/IS=77 LTPD 5% S/S = 77 
C= 1 C= 1 
2. A) TEMPERATURE CYCLE TEST COND. C TEST COND.C:100 CYCLE © 
LTPD 15% S/S = 25 LTPD 10% S/S = 38 
| C=1 C=1 
B) CONSTANT ACCELERATION | TEST COND. E TEST COND. E 


Y1 ORIENTATION ONLY Y1 ORIENTATION ONLY 


C) SEAL 
FINE LEAK | TEST COND. B TEST COND. B 
GROSS LEAK TEST COND. C TEST COND. C 
D) VISUAL EXAMINATION 101 1, 1010 
E) END POINT ELECTRICAL 
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IV. Group D: PACKAGE RELATED TESTS 


| TEST ITEMS METHOD MIL-STD-883C GOLDSTAR SEMI 


1. PHYSICAL DIMENSION 2016 LTPD 15% S/S = 15 LTPD 15% S/S = 15 
C=0 C=0 


2. A) LEAD INTERGRITY 2004 LTPD 15% S/S = 15 LTPD 15% S/S = 15 
C=0 C=0 
B) SEAL 1014 
FINE LEAK TEST CON. B TEST COND. B 
GROSS LEAK TEST COND. C TEST COND. C 


TEMPERATURE CYCLE TEST COND.C: 100 CYCLE | TEST COND.C: 250 CYCLE 
B) MOISTURE RESISTANCE 
C) SEAL 
FINE LEAK 
GROSS LEAK 
VISUAL EXAMINATION 


TEST COND. B 
TEST COND. C 


TEST COND. B 
TEST COND. C 


END POINT ELECTRICAL 
MECHANICAL SHOCK 


LTPD 15% S/S = 15 
COND. BC = 0 
TEST COND. A 


LTPD 15% S/S = 15 
COND.BC =0 
TEST COND. A 


2 


VIBRATION, VARIABLE 
FREQUENCY 
CONSTANT ACCELERATION 


TEST COND. E 
Y1 ORIENTATION ONLY 


TEST COND. E 
Y1 ORIENTATION ONLY 


D) SEAL 
_ FINE LEAK 
GROSS LEAK 
VISUAL EXAMINATION 


TEST COND. B 
TEST COND. C 


TEST COND. B 
TEST COND. C 


END POINT ELECTRICAL 


5. ADHESION OF LEAD FINISH 2025 LTPD 15% S/S = 15 LTPD 15% S/S = 15 
C=0 


Cc =0 
6._ LID TORQUE 2024 | n=5:0= 


182 


QUALITY ASSURANCE MANUAL 


uoNelado JO 
uoneyeysul Burnp yoelqns si pes; ou} 
YDIUM O} S8DJOJ 0} BOUR\SISOJ SYOSYO 


AyuGayu peeq 


SHUN G ‘Sly 06 “XE 


YJUOW 2c 


ebueyosip a zz| 201 22 GLO€ GOHLAW ebseyosig 
d12}S O1}D9|a 0} SOUR\SISA] SyO9YO Kiang 9J€88-GLS-IW OHEIS 0198/5 
JUSAJOS 07] S]USAJOS 
0} Burysew pajuud jo aouejsises syoauo St Asang ot | st 0} S9OUR}SISOY 
. 99SG Jap|jOS ‘OaSsg xnI-+4 
spea| 0} Ajiqesajos syoayo OL UJUOW 2 SHH | Guiby weajs Ayiqesapjos 
0G +40r2 ‘dwa| sapjosg 


5 5 
> > 
LL LL 


30AD OSZ 
WIN OL ‘UW G ‘UIW OL 
OD OSI ‘0 S2 ‘OS9— 


SYH 002 ‘HY %001 
DISd O€ ‘OlZL=PL 


0001 =} ‘AG=2” 
HY %S8 ‘OS8=PL Ay pwn} peseig 
seig ON S91 26210)S 
SYH 0001=} ‘O0SL=P1 | eunyesodwa) ybIH 
—Onueudg ‘AG=2, yso] ay Bunesedo 
SYH 000l=} ‘OSZL=PL | sunyesedwa) YybIH 


uoNoedsu| 
Buryoed 


“sounyesodwia} BulAyen pue ‘sounye 
-J@dW9a} MO] ¥ YBiy 0} aoUR}sISe1 SyOoYo 


jso] 
BJOAD aunyesodws | 


YJUOW c 
Asan 


yso] 
JEYOOD aNSsald 


soebueyo Aji 
-WNY psjesajad0e 0} SOuR}SISe) SYOsYyO 


YJUOW 2 
Alan 


Aypiuiny aayejes yBiy 
UM asn aul} Buco] 0} adue}sISa1 SyOoUo 


YJUOW 2 }SO] 


oO 


fe] = 
DEBE 
= = 
© 
sia] 3. 


eunyesodwisa} yBiy 0} 
pasodxe usyM yeoy 0} BOuUeIISaJ ‘SyOoYO 


UJUOW 
AJOA 


oO 
> 
LLJ 
fe fe] = 


epee 
iv 
NS 08) 
tfe[s. 


owl} Huo; 10} paijdde sseiys 
JEWS} [2OU}JO9]a 0} BOUR\SISAs SyOOYD 


UJUOW 2 


N 0 
X w) 
S 
© 
> 
Ld 


}07 


$]O9aJap jNO UBaIOS BHulGeyoeg Buiobyno 


fete 
< 


OOM 


er) n 
$}0ajap no usel0S Kens 


UOISUaWI |I7 


EE 
® 
> 
LLJ 


}07 
AJOAZ 


}07] 


SSaUyoIY| Pedy 


$]09Jep }NO Use1DS 


uoweoytoadg (9v/Oa) 
ys91 Buiobyno jSO] jeoujOa/Z 


$}09Jep 1NO UsaIDS 


uoneoiioadsS uoloedsu| 
ensi, Buiobjno jensi/, 


}O7} 
. AJOAQ 


%S90°0 
TOV 


90v 104] ddl | S/S| isat |90v 10#| adi7 S/S) 


JONVWYOANOOD ALAIVNOD =| WWAOYddV ALNVNO 
AMINO diG-OILSV1d YOLONGNOODIWAS YVLSG109 4O SWALI LSSL ALINIGVITaY 


$]O9jJap yNO UBOS 


rat 
o 
> 
LL) 


%v0'O 
TOV 


LSal 40 ASOduNd NOILIGNOOD LSAL Wali 1SSL 


183 


QUALITY ASSURANCE MANUAL 


7. FMA FLOW CHART 


PROCEDURE OF FAILURE ANALYSIS 


CUSTOMER — CLAIM, COMPLAINT 
SALES DEPT. — iF REQUIRED, SEND DEVICE 
| FAILED TO QC DEPT. 
QC DEPT. * FAILURE ANALYSIS 
PRODUCT. ____, ENGINEERING DESIGN (R & D) — DETAILED INVESTIGATION. 
DEPARTMENT DEPARTMENT * — CORRECTIVE ACTION 
— PREVENTION OF 
QC DEPT. REOCCURENCE 
SALES DEPT. — REPORT THE RESULT 
CUSTOMER. — ANSWER TO THE CLAIM. 


* FAILURE ANALYSIS 


<“Eieornion Ts EVALUATION 


BAKE 
HTRB 7 
ELEC. TEST 

DECAPSULATION | 


RECORD 


4. 
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SUMMARY 


This report has presented quality assurance system and reliability test on GoldStar Semiconductor devices. Accor- 
ding to the reliability test results and actual experimental data of operating life test, it is concluded that GoldStar 
devices are high quality devices and the incoming failure rate is expected to be less than 0.04%. 


HANDLING AND STORAGE INSTRUCTION 
5.1 HANDLING PRECAUTIONS 


For all devices, the following practices should be observed for protection against high electrical static discharges. 
5.1.1 Device leads should be in contact with a conductive material except when being tested or in actual operation. 


5.1.2 Conductive parts tools, fixtures, soldering irons and handling equipment should be grounded to handle the 
devices. 


5.1.3 Devices should not be inserted into or removed from test stations unless the power is off. 
5.1.4 Neither should signals be applied to the input while the device power supply is in an off condition. 


5.1.5 Operators should use grounded wrist straps and work conductive surfaces should be also grounded. 


5.2 STORAGING PRECAUTIONS. 
There are several basic requirements in case of long term storage for semiconductor devices. 


5.2.1 Store the devices in a covered or sealed antistatic container. 
5.2.2 Store the devices in an environment of no more than 60% relative humidity. 
5.2.3 Store the devices in a inert atmosphere not exceeding +125°C or no more than —55°C. 


5.2.4 Physical force is not permitted on any leads or plastic body when the devices are stored for prevention 
damage of device. 
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PACKAGE DIMENSION 


PLASTIC DIP 


(UNIT: INCHES) 


| sepN | tz IN| IN| PIN 
win [MAX [MIN [| MAX | MIN | MAX | MIN | MAX 
[a | o7ae [0.752 | 0.875 | 0.900 | 1.013 | 1.040 | 1.095 | 1.150 
[8 | 0245 [0266 | 0245 | 0255 | 0.263 | 0.273 | 0260 | 0.287 
[ef o1as [0162 | 0145 | 0162 | 0143 | 0.182 | 0.145 | 0.160 
3 roots | tvpoo1e | roo | TYRO018 
[Fr | —1v.0.068 | TvP.0.060 | TvP. 0.065 | TYP.0.060 
[a foo [om | 00s [om | oo | 01 | 009 | om 
TH | 0.018 | 0.030 | 0.04 | 005 | 0.088 | 0.066 | — | 0075 
[kf 012s [0145 | 0.125 [0190 | 0.128 | 0.192 | 0.126 | 0.142 
cw fo | ow | o [| wi] o | wo | o | wo 
Tn foo | - [oo | —- [oos | - [oom | 

PNP OSCSCSCSSOCC“‘“CNCCC*” 

SYMBOL 

ww [wax own] wax) Odd 
a eas [260 | ats | taco) 
: a sas [cosas |S 


SYMBOL 


1 
10 | 


PACKAGE DIMENSION | 


CER DIP 


(UNIT : INCHES) 


| tePIN {20 PIN | PIN | PIN 
| min’ [max [min | max | omin’ | max | MIN: | MAX _ 
[a | 0750 | 070s | 0040 | 000s | 1200 | 1.200 | 1.440 | 1405 
[8 | 0272 | 0204 | 0265 | 0.906 | os14 | 0.526 | 0614 | 0508 
Pe | 0165 | 0.200 | 0165 | 0200 | 0165 | 0200 | | 0225 
Tp | 0015 | 0021 | 001s | 0021 | 0018 | 0.021 | 0018 | 0.023 
([F [ 05s [0.065 | 0.055 | 0.068 | 0.055 | 0.068 | 0.055 | 0.065 
[a [oo | o1 | 009 | o11 | 009 | 011 | 009 | o11 
| H_ | 0.012 | 0060 | 0.012 | 0.060 | 0.040 | 0.098 | 0.040 | 0.008 | 
[a J e008 [0.012 | 0.008 [0012 | 0.008 | 0.012 | 0.008 | o.012 
Tk | 0126 | 020 | 0126 | 020 | 0128 | 020 | 0128 | 020 
pt | oz | os2 | 020 | 092 | 0600 | 0620 | 0600 | 0.620 
[ow | o | wl o | wm | o | 0 | o | 10 
TN | 002 | 006 | 002 | 007 | 002 | 007 | 002 | 007 


SYMBOL 
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PACKAGE DIMENSION 


SOP 


(UNIT : INCHES) 


CODE NO. rw 

SYMBOL [max | wi [MAX |WIN | MAX 
[A | 049s | 0510 | 0602 | 0614 | 0622 | 0.038 
[8 | 0202 | 0200 | 0202 | 0209 | TYR osa1 
[| 0007 | o104 [0.097 | 0108 | — | 0.008 
9 [voor [o01e | oor [001s | oor | 0018 
[Fore | 003s [001s | 0035 | TP00se 
[—e|-_o0soasc | 00s0asc | o0soasc | 
[a _[_oorosc [0010 asc | ooroasc | Sid ST 
«| 0008 [0.008 [0005s [ ooris | 000s | | SiS 
Tr | 0400 | 0410 | 0400 | 0410 | 0483 | oar? | | 
cw [Te ,e | o |e )]-f|- | | 


CODEN. | —+0F_~S«’sS (‘PwTOOC~“~S~sSC“‘CSNSCC#C#‘“( 


PIN 


| 28 PIN 
symeou | MIN, | max | MIN; [| max fo TT 
_ A | 0703 | o7i2 | 0720 | o7so | | | 
p B| 0.202 | o2s9 | typ.oga1 | OT | 
pe | .oe7 | oro4 | | oon | 
pd | oo14 | oor9 | oo12 | oor8 fo | 
| oF {| oo18 | ooss | typ oose | | 
a | o0soesc | oosopsc | || 
pod | oro psc | otowpsc | 
pK [0.0055 | oorts | ooo | — | of | 
p P| 0.400 | 0410 | 0453 | o477 | TT 
ee ae ee eee ee eee ae 
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PACKAGE DIMENSION 


SIDE BRAZED 


(UNIT: INCHES) 


0.105 
0.035 0.065 
0.009 


DISTRIBUTORS ee 
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GOLDSTAR SEMICONDUCTOR SALES NETWORK 


ASIA 


KOREA 


° KUM SUNG JUN SIN 
ELECTRONICS CO,. LTD. 


182-13, Jangsa-Dong, Chongro-Gu 
Seoul, Korea 

Tel:02-273-681 1/3,274-1911/2 
Fax:02-272-4367 


SAM JIN ELECTRONICS 
671-1, Junpo 1 Dong Busanjingu 
Busan, Korea 

Tel:051-807-1717 / 1747 
Fax:051-807-6657 


°o 


° 


SEOG YUNG ELECTRONICS 


182-2, Jangsa-Dong, Chongro-Gu 
Seoul, Korea 

Tel:02-273-6781 

Fax:02-273-6597 


°o 


3112 Sun-In B/D Young San 
K.P.0.Box 1148, Seoul, Korea 
Tel:02-273-7877/3177, 266-1940 
701-781 1/7814 
Fax:02-274-3291 


WOO SUNG 
SEMICONDUCTOR 


5005Ho 22Dong Seonin Sangga 

16-1, Hangangro-2Ga, YongSan-Gu 

Seoul, Korea 

Te!:02-273-4730, 272-3874 
701-0291-4 

Fax:02-701-0295 


HONG KONG 


* GOLDSTAR (H.K.) LTD. 
Rm. 1501B, World Wide House, 
19, Des Voeux Road, Central, 
Hong Kong. 

Tel:5-845-6787 
Fax:5-845-9416 


* LUCKY-GOLDSTAR INTL 
LTD. 


° 


Rm. 3001, Gloucester Tower 
30th Fl. The Landmark 
Central, Hong Kong 
Tel:5-26-6402/7 

Fax:5-868- 1460 


e DYNATEK ELECTRONICS LTD. 


Unit 701, 7/F., Hong Leong Industrial 
Complex, 

4 Wang Kwong Road, Kowloon Bay, Hong 
Kong 

Tex:3-796-6689 

Fax:3-796-6109 


* : Sales Offices 
% : Sales Representatives 


SOKCHUN TRADING CO.,LTD. 


eSUN COMPONENTS LTD. 


1/F Hang Lung Bank Bidg. 
46-48 Granville Road 
TsimShaTsui, Kowloon, H.K. 
Tel:3-31 1-8321 
Fax:3-311-6715 


e TECHGROW LTD. 


4B Cheerful Comm. Bidg. 

116-118, Ma Tau Wai Rd. Hunghom, 
Kowloon 

Hong Kong 

Tel:3-764-3618 

Fax:3-764-1781 


INDIA 


* GOLDSTAR CO., LTD. 


Room 306-309 Parkash Deep Bidg. 
7, Tolstoy Marg. 

‘New Delhi 110 001, India 
Tel:11-331-1899 

Fax: 11-332-3754 


* LUCKY-GOLDSTAR INT’L 
CORP. 


Room 306-309 Parkash Deep Bidg. 
7, Tolstoy Marg. 

New Delhi 110 001, India 
Tel:11-331-1899 

Fax: 11-332-3754 


eSEMICON TECH 


15, Amrut Hansoti Rd. 
Cama lane, Ghatkopar (W) 
Bombay 400 086, India 
Tel:22-511-4789 
Fax:22-513-6940 


eSPARTEX SYSTEMS & 
SERVICES 
PVT. LTD. 


No. 68, Michael Palyam, 

Near Deccan Studio, C.V. Raman Nagar 
Post - 

Bangalore 560 093, india 

Tel:8 12-56-4211 

TIx:8452190 MLHR IN 


JAPAN 


* GOLDSTAR JAPAN CO., LTD. 


Hon-Kan 9F. Akasaka Twin Tower 
17-22, 2-Chome, Akasaka, Minato-ku 
Tokyo, Japan 

Tel:03-224-0123 

Fax:03-582-7948 


eJAPAN MACNICS CORP. 


516, Imaiminami-Cho, Nakahara-Ku 
Kawasaki-City, Kanagawa-Ken, 211 
Japan 

Tel:044-7 11-0022 
Fax:044-711-2214 


° ; Sales Distributors 


e OHTORI CORP. 


9-8, 5 Chome, 
Nipponbashi, Naniwa-Ku, 
Osaka Japan 
Tel:06-643-1655 
Fax:06-633-5212 


eOKAMOTO MUSEN CO., LTD. 
TOKYO BRANCH 
3-2-17 Nozawa, Setagaya-Ku 
Tokyo 154, Japan 
Tel:03-412-8211 
Fax:03-4 18-2555 


SINGAPORE 


* GOLDSTAR CO., LTD. 


8 Shenton Way 
#30-04 Treasury Bidg. 
S'pore 0106 
Tel:224-3166 
Fax:224-0721 


* LUCKY-GOLDSTAR INTL 
CORP. 


8 Shenton Way 
#39-03 Treasury Bidg. 
S'pore 0106 
Tel:220-4566 
Fax:224-9049 


e DYNAMAR HOLDINGS PTE 
LID. 


109 Defu Lane 10 
Singapore 1953 
S'pore 1334 
Tel:281-3388 
Fax:281-3308 


TAIWAN 


* GOLDSTAR CO., LTD. 
TAIPEI OFFICE 


12F-3, No. 148, Chung-Hsiao 

E.Rd. SEC. 4 Taipei, Taiwan, R.O.C. 
Tel:02-731-6528/9 

Fax:02-731-6530 


* LUCKY-GOLDSTAR INTL 
CORP. | 


3F-4, NO. 695 

Tun Hwa South Road, Taipei, 
Taiwan, R.O.C. 
Tel:02-755-6648/6650 
Fax:02-702-0687 


e BRIGHT UP INDUSTRIES Co., 
LID. 
12F, NO. 142, Chung-Hsiao 
E. Rd. SEC. 4 Taipei, Taiwan, R.O.C. 
Tel:02-773-2194/8, 776-5455/9 
Fax:02-751-9545 


@ : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


e GOLDEN SEVEN ENTERPRISE 
COo., LTD 
10th Fi. #95-1 Sung Chiang Rd. Taipei, 
Taiwan, R.O.C. 
Tel:02-507-1186 
Fax:02-508-2250 


e LUMAX INT’L CORP., LTD. 
14th Fl., 687 Ming Sheng East Rd. 
Taipei, Taiwan, R.O.C. 

Tel:02-7 15-5976 
Fax:02-7 16-4649 


e UNITECH DEVICE CORP. 


6F-2,No.142,Chung-Hsiao 

E. Rd. SEC. 4 Taipei, Taiwan, R.O.C. 
Tel:02-776-0560/5 

Fax:02-731-3100 


EUROPE 


AUSTRIA 
* LUCKY-GOLDSTAR INT'L 
CORP. 


Mariahilfer Strasses 77-79, 
1060, Wien, Austria 
Tel:222-93-3747 
Fax:222-93-3739 


° E.S.L. HANDELSGES M.B.H. 


Wasagasse 26/3B 
A-1090,Wien, Austria 
Tel:222-310-1025 
Fax:222-310-1027 


BELGIUM 
° MALCHUS ELECTRONICS 


Plantin-moretusilei 172 
B-2018 Antwerpen, Belgium 
Tel:3-235 32 72 

Fax:3-271 10 49 


DENMARK 
° OLE WOLFF ELEKTRONIK 
APS. 


Rodengvej 25, Dk 4180 Soro. 
Denmark 

Tel:3-63-3830 

Fax:3-63-0183 


* : Sales Offices 
mM : Sales Representatives 


FINLAND 


° ELDIS OY 
Niittyrinne 6, 02270, Espoo, Finland 
Tel:0-803-9044 
Fax:0-803-9089 


FRANCE 


* LUCKY-GOLDSTAR INT’L 
CORP. 
PARIS OFFICE 
24, Avenue De La Grande-Armee 
75017 Paris, France 
Tel:1-47 66 88 88 
Fax:1-47 66 13 80 


m AGEREP 
7, rue Marcelin Berthelot 
92160 ANTONY, France 
Tel:1-46 66 60 33 
Fax:1-40 96 92 26 


COMPTOIR COMMERCIAL 
D’ IMPORTATION 


5, rue Marcelin Berthelot 
92160 Antony, France 
Tel:1-46 66 21 82 
Fax:1-40 96 92 26 


° ERICSSON COMPOSANTS 


B.P. 203, 78051 Saint-Quentin 
Yvelines Cedex, France 
Tel:1-30 58 24 24 

Fax:1-30 58 30 96 


°o 


ITALY 
° DAEWON EUROPA S.R_L. 


Via lenardo da vinci, 43 
20090 Trezzano Sul Naviglio 
(Milano), Italy 

Tel:2-44 50 042 

Fax:2-44 50 184 


° MELCHIONI S.P.A. 
Via P. Colletta,37 
20135 Milano, Italy 
Tel:2-57 941 
Fax:2-5 51 81914 


NETHERLANDS 


° MALCHUS B.V. 


P.O. Box 4S 

3100AA Schiedem, Netherlands 
Tel:10-427 77 77 

Fax:10-415 48 67 


°: Sales Distributors 


NORWAY 


° FEIRING ELEKTRONIKK A/S 


P.O. Box 101, Bryn, 
0611 Oslo 6, Norway 
Tel:2-64 9070 
Fax:2-64 4051 


SPAIN 


° INDUTRONIK,S.A. 


Angelita Cavero,9 
28027 Madrid, Spain 
Tel:1-741 80 11 
Fax:1-742 68 31 


° LOBER, S,A. 
Monte Esquinza, 28 
E-28010 Madrid, Spain 
Tel: 1-410 68 21 
Fax:1-410 69 68 


SWEDEN 


° MIKO KOMPONENT AB 
Seger Sbyvagen 3 
S-14502 Norsborg, Sweden 
Tel:753-890 80 
Fax:753-753 40 


SWITZERLAND 


° ETRONICS AG 


Sonnenberg, P.O.B.23 

8103 Unterengstringen, Switzerland 
Tel:1-750 35 11 

Fax:1-750 35 67 


TURKEY 


° COMTEC San. ve Tic. Koll. Sti. 


Hasanpasa, Ahmet Rasim Sok, 
No. 16 Kadikoy Istanbul, Turkey 
Tel: 1-337-2245 

Tix:29569 ELTS TR 
Fax:1-336-8814 


U.K. 


* GOLDSTAR CO., LTD. 
Goldstar House 264 Bath 
Road Slough Berkshire Sli 4EW 
Tel:753-69-1888 
Fax:753-69-3061 


@ : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


* LUCKY-GOLDSTAR INT’L 
LID. | 


1-Fl, Califton House 83-89 
Uxbridge Rd. Ealing 
London W5 5TA, U.K. 

Tel: 1-840-7111 
Fax:1-840-1658 


° KORD DISTRIBUTION LTD. 
Watchmoor Road Camberley 
Surrey GU15 3AQ., U.K. 
Tel:276-68-5741 
Fax:276-69-1334 


° FLINT DISTRIBUTION LTD. 
Enterprise House, Ashby Road, Coalville, 
Leicestershire LE6, 2LA 
Tel:0530-51-0333 
Fax:0530-51-0275 


° ICE ELECTRONICS LTD. 


31 Stephenson Road Burrel Road 
industrial Estate ST Ives, Cambridge 
Shire PE17 4WJ 

Tel:0480-49-6466 

Fax:0480-49-6621 


W. GERMANY 


* GOLDSTAR Deutschland GmbH 


Zentrale Ratingen 
HarkortstraBe 41 
D-4030 Ratingen | 
Tel:02-102-4987-0 
Fax:02-102-4996-62 


LUCKY-GOLDSTAR INT’L 
(Deutschland) GmbH 

Lyoner Stern Bidg. 

Hahnstrasse 70 

D-6000 Frankfurt Am Main 71 
W.Germany 

Tel:69-663-0070 

Fax:69-666-6865 


BECK GmbH & CO. 
ELEKTRONIK 


Bnauelemente KG. Postfach 

91,02 80 8500 Nuernberg 91, W.Germany 
Tel:091 1-340-50 

Tix:622334 BECK D 

Fax:0911-340-528 


OCEANIA 


* 


° 


AUSTRALIA 


° NOVOCASTRIAN 
- BLECTRONIC 

SUPPLIES PTY LTD. 

24 Broadmeadow Rd. Broadmeadow 
NSW, 2292, Australia 

Tel:49-62-1358 

Fax:49-62-2005 


* : Sales Offices 
m: Sales Representatives 


AFRICA 


EGYPT 


° HELIOPOLIS EST FOR 
IMPORT 
AND ELECTRICAL 
CONTRACTS 
13 El Soma! St. El Korpa, Heliopolis 
P.O. Box 610 H.W. 
Tel:660793/674986 
Tix:20348 MOMA 


NORTH AMERICA 


U.S.A. 


* GOLDSTAR TECHNOLOGY, 
INC. 
3003 North First Street, 
San Jose, CA 95134-2004 
Tel:408-432-1331 
Fax:408-432-6053 


* GOLDSTAR TECHNOLOGY, 
INC. EASTERN AREA OFFICE 
8410 W.Bryn Mawr Avenue Suite 
900 Chicago, IL 60631-3430 U.S.A. 
Tel:312-693-0450 
Fax:312-399-0817 


* GOLDSTAR TECHNOLOGY, 
INC. WESTERN AREA OFFICE 


6576 Corte Cisco 
Calsbad. CA 92008 
Tel:619-931-7641 
Fax:619-931-9628 


ALABAMA 
EMA 
WESTERN REGIONAL OFFICE 


~ 309 Jordan Lane N.W. 


Huntsville, AL 35805 
Tel:205-830-4030 
Fax:205-830-1947 


ARIZONA 


° ADDED VALUE ELECTRONIC 
DISTRIBUTION, INC. 
7741 East Gray Road. Suite #9 
Scottsdale. AZ 85260 
Tel:602-95 1-8788 
Fax:602-951-4182 


°: Sales Distributors 


CALIFORNIA 
1 HADDEN ASSOCIATES, INC. 


4710 Rusner St. Suite H 
San Diego, CA 90111 
Tel:619-565-1944 
Fax:619-565- 1802 


a MAGNA SALES 


3333 Bowers. Suite 251 
Santa Clara, CA 95054 
Tel:408-727-8753 
Fax:408-727-8573 


& PRISM 


i] 


3° 


° 


o 


° 


31887 Circle Drive 
Laguna Beach, CA92677 
Tel:714-499-2131 

Fax:7 14-499-1580 


ADDED VALUE ELECTRONIC 
DISTRBUIION, INC. | c 
6397 Nancy Ridge Road 

San Diego, CA 92121 

Tel:619-558-8890 

Fax:619-558-3018 


ALL AMERICAN 
SEMICONDUCTOR, INC. 
2360 Qume Drive, Suite B 
San Jose, CA 95131 
Tel:408-943-1200 

800-222-6001 
Fax:408-943-1393 


JACO ELECTRONICS, INC. 


2880 Zanker, Suite 202 
San Jose, CA 95134 
Tel:408-432-9290 
Fax:408-432-9298 


CYPRESS ELECTRONICS 
2175 Martin Ave. 

Santa Clara, CA 95050 
Tel:408-980-2500 
Fax:408-986-9584 


ALL AMERICAN 
SEMICONDUCTOR, INC. 


369 Van Ness Way, #701 
Torrance, CA 90501 
Tel:213-320-0240 
800-669-8300 
Fax:213-320-7207 


ADDED VALUE ELECTRONIC 
DISTRIBUTION, INC. 


1582 Parkway Loop, Unit G 
Tustin. CA 92680 
Tel:714-259-8258 

Fax:7 14-259-0828 


ADDED VALUE ELECTRONIC 
DISTRIBUTION, INC. 

3320 East Mineral King, Unit D 

Visalia, CA 93291 

Tel:209-734-8861 

Fax:209-734-8865 


@ : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


° ADDED VALUE ELECTRONIC ° ALL AMERICAN 


DISTRIBUTION, INC. 
31194 LaBaya #100 
Westlake Village. CA 91362 
Tel:818-889-2861 
Fax:818-889-2472 


COLORADO 


° A.V.E.D.-ROCKY MOUNTAIN, 
INC. 
4090 Youngfield Street 
Wheat Ridge, CO 80033 
Tel:303-422-1701 
Fax:303-422-2529 


CONNECTICUT 


° PARK DISTRIBUTORS 
347 Railroad Avenue 
Bridgeport, CT 06604 
Tel:203-366-7200 
Fax:205-881-7624 


FLORIDA 


& LAWRENCE ASSOCIATES, INC. 


711 Turnbull Avenue 
Altamonte Springs, FL 32701 
Tel:407-339-3855 
Fax:407-767-0973 


& LAWRENCE ASSOCIATES, INC. 


5021 N.Dixie Hwy. 
Boca Raton, FL 33431 
Tel:407-368-7373 
Fax:407-394-5441 


& LAWRENCE ASSOCIATES, INC. 


1417 Malabar Lakes Drive N.E. 
Palm Bay, FL 32905 
Tel:407-984-0669 
Fax:407-951-0906 


& LAWRENCE ASSOCIATES, INC. 


1131 US 19 South 
Palm Harbor, FL 34864 
Tel:813-787-2773 
Fax:813-787-2654 


° ALL AMERICAN 
SEMICONDUCTOR, INC. 
16251 N.W. 54th Avenue 
Miami. FL 33014 
Tel:305-621-8282 
Fax:305-620-7831 


* ; Sales Offices 
XX: Sales Representatives 


SEMICONDUCTOR, INC. 
5009 Hiatus Road 

Sunrise, FL 33351 
Tel:305-572-7999 

Inside FL: 800-432-6838 

Outside FL: 800-327-6237 
Fax:305-749-9229 


° JACO ELECTRONICS, INC. 
1202 Tech. Bivd., Suite 201 
Tampa. FL 33619 
Tel:813-628-4665 
Toll Free from N.FL & GA:800-265-JACO 
Fax:813-626-8185 


GEORGIA 


SEMA 
EASTERN REGIONAL OFFICE 
620 Colonial Park Drive 
Roswell, GA 30075 
Tel:404-992-7240 
Fax:404-993-3426 


ILLINOIS 


& SYNERGISTICS SALES INC. 


501 Mitchel Road 
Glendale Heights, IL 60139 
Tel:312-858-8 186 
Fax:312-790-9799 


° ADVENT ELECTRONICS, INC. 
7110-16N. Lyndon Street 
Rosemont, IL 60018 
Tel:312-298-4210 
Fax:312-297-6650 


° Q.P.S. ELECTRONICS, INC. 


101 East Commerce Dr. 
Schaumberg, IL 60173 
Tel:312-884-6620 


INDIANA 


° ADVENT ELECTRONICS, INC. 
8446 Molier Road 
Indianapolis, IN 46268 
Tel:317-872-4910 
Fax:317-872-9987 


IOWA 


° ADVENT ELECTRONICS, INC. 
682 58th Ave. Ct. S.W. 
Cedar Rapids, IA 52404 
Tel:319-363-0221 
Fax:319-363-4514 


°: Sales Distributors 


MARYLAND 


° JACO ELECTRONICS, INC. 
10270 Old Columbia Road 
Columbia. MD 21046 
Tel:301-995-6620 
Fax:301-995-6032 


ALL AMERICAN 
SEMICONDUCTOR, INC. 


14636 Rothger Drive 
Rockville, MD 20850 
Tel:301-251-1205 
800-426-0420 
Fax:301-251-8574 


MASSACHUSETTS 


& ALPHA OMEGA SALES CORP. 


325 Main Street. Suite 301 
North Reading, MA 01864 
Tel:508-664-1118 
Fax:508-664-3212 


& ALPHA OMEGA SALES CORP. 
10-G Roessler Road 
Woburn, MA 01801 
Tel:617-933-0237 
Fax:617-938-8416 


° ALL AMERICAN 
SEMICONDUCTOR, INC. 


107 Audubon Rd., Suite 104 
Wakefield, MA 01880 
Tel:617-246-2300 
800-874-2834 
Fax:617-246-2305 


MICHIGAN 


° ADVENT ELECTRONICS, INC. 


24713 Crestview Ct. 
Farmington Hills, Ml 48331 
Tel:313-477-1650 
Fax:313-477-2830 


MINNESOTA 


& COMPONENTS GROUP CORP. 


45 Groveland Terrace 
P.O/Box 3978 
Minneapolis, MN 55403 
Tel:612-374-1250 
Fax:612-374-5434 


@ : Sales Representatives/Distributors 


° ALL AMERICAN 
SEMICONDUCTOR, INC. 


8053 E. Bloomington Fwy., #102 
Minneapolis, MN 55420 
Tel:612-884-2220 

Inside MN:800-223-7364 

Outside MN:800-342-7364 


NEW YORK 


ERA 
364 Veterans Memorial Hwy. 
Commack, NY 11725 
Tel:516-543-0510 
Fax:516-543-0758 


° 


145 Oser Avenue 
Hauppauge, NY 11788 
Tel:516-273-5500 
Fax:516-273-5528 


ALL AMERICAN 
SEMICONDUCTOR, INC. 
711-2 Koehler Avenue 
Ronkonkoma, NY 11779 
~ Tel:516-981-3935 

Inside NY:800-637-7769 
_ Outside NY:800-874-2830 
. Fax:516-981-3947 


Cc 


NORTH CAROLINA- 


O RMA 


RALEIGH OFFICE 


6604 Six Forks Road 
Suite 204 

Raleigh, NC 27609 
Tel:919-846-6888 
Fax:919-847-7360 


OHIO 
3K. W. ELECTRONICS, INC. 


HEAD OFFICE 


8514 N. Main Street 
Dayton, OH 45415 
Tel:513-890-2150 
Fax:513-890-5408 


mK. W. ELECTRONICS, INC. 


BRANCH OFFICE 


3645 Warrensville Center #244 
Shaker Heights, OH 44122 

— Tel:216-491-9177 
Fax:216-491-9102 


*~ Sales Offices 
~&: Sales Representatives 


JACO ELECTRONICS, INC. 


° CAM RPC 


749 Miner Road | 
Highland Hts., OH 44143 
Tel:216-461-4700 
Fax:216-461-4329 


OKLAHOMA 


a LOGIC ONE 


6550 East 71St. Suite B 
Tulsa, OK 74133 
Tel:918-494-0765 


PENNSYLVANIA 


2 CMS MARKETING 


715 Twining Road 
Dresher, PA 19025 
Tel:215-885-4424 

Fax:215-885-3736 


° CAM RPC ELECTRONICS 
620 Alpha Drive 
Pittsburgh, PA 15238 
Tel:412-782-3770 
Fax:412-963-6210 


TEXAS 


1 DOUIC ONE 
11149 Research Blvd. Suite 110 
Austin, TX 78759 
Tel:512-345-2952 
Fax:512-346-5309 


XTOGIC ONE 
4606 FM 1960 West Suite 418 
Houston, TX 77069 
Tel:713-444-7594 
Fax:713-444-8236 


a LOGIC ONE 


200 East Spring Valley Suite AA 
Richardson, TX 75081 


Tel:214-234-0765 
Fax:214-669-3042 


° A.V.E.D. 
SOUTHWEST, INC. 
6448 Hwy 290 East. #A103 
Austin, TX 78723 
Tel:512-454-8845 
Fax:512-459-8043 


° A.V.E.D. 
SOUTHWEST, INC. 
4470 Spring Valley Road 
Dallas. TX 75244 
Tel:214-404-1144 
Fax:214-404-1194 


°: Sales Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


° ALL AMERICAN | 
SEMICONDUCTOR, INC. 
1819 Firman Drive. #127 
Richardson, TX 75081 
Tel:214-231-5300 
800-541-1435 
Fax:214-437-0353 


UTAH 

° AV.ED. 
ROCKY MOUNTAIN, INC. 
1836 Parkway Blvd. 
West Valley City, UT 84119 


Tel:801-975-9500 
Fax:801-977-0245 


WASHINGTON 


M MICRO SALES, INC. 
2122-112th AVE., N.E 
Bellevue, WA 95054 
Tel:206-451-0568 
Fax:206-453-0092 


° JACO ELECTRONICS, INC. 
15014 N.E. 40th St. 
Bidg. "0" Unit 202 
Redmond, WA 98052 
Tel:206-88 1-9200 
Fax:206-881 9777 


CANADA 


BRITISH COLUMBIA 


& VITEL ELECTRONICS 


CALGARY OFFICE 


4211 Kingsway, Suite #314 
Burnaby, British Columbia 
V5H 126 

Tel:604-439-1136 
Fax:604-439-0195 


ONTARIO 


M1 VITEL ELECTRONICS 


OTTAWA OFFICE 


300 March Rd., Suite #301 
Kanata, Ontario K2K 2E3 
Tel:613-592-0090 
Fax:613-592-0182 


e : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


4 VITEL ELECTRONICS 


TORONTO OFFICE 
5925 Airport Rd., Suite #610 
Mississauga, Ontario LAV 1W1 
Tel:416-676-9720 
Fax:416-676-0055 


SEMI SPECIALISTS OF 
CANADA 


5080 Timberlea Blvd. #4 

Mississauga Ontario, Canada Lawam! 
Tel:416-629-9494 

Fax:416-629-9493 


fo] 


QUEBEC 


4 VITEL ELECTRONICS 
HEAD OFFICE - 


MONTREAL 

2235 Omesime Gagnon 
Lachine, Quebec H8T 927 
Tel:514-636-5951 
Fax:514-636-5526 


ZANIN ELECTRONIQUE 
INC. 

136 Merizzi, ST-Laurent Quebec, 
Canada HAT 154 

Tel:514-342-621 1 
Fax:514-342-4073 


° 


SOUTH AMERICA 


BRAZIL 


* LUCKY - GOLDSTAR 
INT’L BRAZIL S/C LTDA. 
Avenida Paulista, 1.439 -13, 
CONJ.134 -CEP 01311 Sao Paul, 
Brazil 


Tel:11-284-1 184/287-4118 
Fax:11-285-1997 


e UNITY COM. IMP. EXP. 
LTDA. 
Rua Estela, 515 Bloco A - CJ. 142 
04011 S.Paulo, Brazil 
Tel:11-549-0799/572-5191 
Fax:11-572-5191 


MEXICO 


° DICOPEL 


Tochtli 368 Frace. Ind. 

Sn. Antonio, Azeapotzalco 
C.P. 02760 Mexico, D.F. 
Tel:56 1-32-11 
Fax:561-12-79 


* : Sales Offices °: Sales Distributors 


4; Sales Representatives @ : Sales Representatives/Distributors 


rier 


‘i. eee Se oe = = Ae be to aod - mie rT * a. 6 e * 
boon seeped be coed es oe Me ite Fahy? S i wy i , cr 4 


*) 


‘* “ ‘ = 
i el oe - A . vot Tien ae Pee? eee 
om _ Pn 3 


1" - 


— | 

= \ae 2 a a og 
# < 

nl air 


ee ee a ee ee ee aa a le mi a el ea Z ar a ied om ad : = a) mr ree 
ort gi a an 
. ee Al pe a 
og: < re _— 


toe 


pe 


sho tor, hig ae 
— aces 
: i an . 1 i ie ae Sears = <A i Ne ete ~ 
PURE a EEA ae ast th ett ae AR ot dil hh ee was 
mall oe 7 a |. oe ss _ Leon & ee ow 


_ _ hala ‘ i * ‘ 
te EA ay ae Gy Se 


ed 5s Slee 
ie a ee poe S 


ce ee cere 


ae 


ee 
ae ge ae 
zon eens - 


er 
tt Ee os - pe ee he — es a os 
he a ‘ eo ee ee ee ae 
ee ee al ae pit oe! Ave 
De ent ae a ee es ee a = 
am i ; ie ee A em 


7 = - : 
nda oy ae = 7 . 7 ae a :™ : : — 
ma ed, > i a ‘ 1 foal w : elas es ‘ “ 7 ee _ Settee Ligh egy Te si 
; . 2 7 - agen 


" “ y s 
= ee CE MCT sAS, ae sb kee ar 
i ra = at 7 _ —s 


cae tt 
ee ey 
POP sys 
ee 


nae preci 


: ‘jl - i4 > —_ 
a ieway eta ate a Mire 4 ii 
ee dich: ie cy oe td ee ee ee ee 
; oe med gi Re Bair rane a 
7 ee a ee ee ee 
: owen i ue —— 


ee a le 7 
Pes ee a eee ie 


ee pee 


i> Pe aaa oa et = ee at Se male : eh Ao ees ae > 
7% = a Vie Se vee i Se am 5 — a art Dh eg wr ae eee ai an eee 
PR ee eek oP fee ee he co ee Oe = =e. qian = : ot isang 
: Al ot BEN Sas ee Te : ei ; act Da toad one ar * et ee th 
A aw 2h we 7 - E Naas! x ee + * ae ator in | 
= fie eS = SEL TPE pl a arte oe 
= é Sr eo eee Ce (ee ee ee Peers is Sint Ein) Sea oS arte re i Ser ee 
; _- re howe rte fl a Ve Spe eee ne ee ene a ee ae Be Oe cre Onn i el ant 7 
= a ‘ ee 2 =e oy [ — <a — 7 ll ef - a -7s5 2 - a — = 5 7s ‘ 
7 eet eee a Se pa a eS ge ee ae a ee ee, Ee ie? ae ee pie. ’ ne Cher = Chie ei 
ite eg Le es S = ert = mer se == = aia = ~ ot ke i? Gee 5 oe ate a eA) we be = Pang < -) " =< ns — ee Fgh dee oe 
i i Riad Ow ae  ' - —_ aa “ye = a6 oe ee a bat 4 7 Sa 7 ; i ne t _ © itemk oe re - 4 2. _— dae - _ Pars mr 
ran Pas oie oi set Ee ae iO a Re Me Se ee nN” oe eee ee ee ae Ue Se ee oT ie 
re el Ae ee a — 3 a sa : oer the Coe na a 7 ie : — : fs ae a a SO ee ee - a ; ; 
Sy ae a ST eee ee i oe ee oa be Set ie Se ee tn i ar at oe a aon ae, bth ke OR. ad, oer aa 
arms ee 206 Lie be a ee ee, ee ed. ae ith is ee eek Se. ne: 
ist ‘ a a ; — a oo battle Pl Si 


. 
oe 


x i 
{PP fmm) altar ima a 
af Ray 


i a4 oe a ay, 0 - a7 : = . a 
Pe ed Seep oe ee es ee ee 
: tae oda ook ee eee 


awed) SM gee 
pe a eS 


a Ty est sae te 

. ; To ol oo -— — a 7 - 

ey Suey Sar nee meres OS I eh ent inee ‘zi ina a 

=2 See ay Tiga = ra =. eet Pas 

oe f —— 4 oe ee =" > ae > «ae = 

aa wat ap Se, ae es a hee : - on or pale ek oa yh a ee ee 

Fa Sua a AD ach Fiat ® ar > Oe ee aie et Seg IR AIS a. ores ae? x4 is — in ore : 
So eae z ; , =i ‘ia sem der 2 re age :- oe ee ae ee = 5 \= 


< 


, rh 
han he 


aa al 


ad nd 
at en 
7 -@ ‘a 5- a 


f : i 
a 
i es 
= ae 
eI 
; 
: & 7 
“ 
” ae 
. = 
. 
os ra 
A " 
if So] 2 
h 


; 
- 
' 
4 
“ 
— 
“ oy 
* 
My _ 
‘a 
iA > 
i i 


‘ 
/ ~~ J 
= ; 
~ 
- cr ee 
- = - 


Reh 


Baaeanaaaana’ 


a” 
ae es 


heed bee bee 


ind 
i\ 


